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SUMMARY 
The s ign i f i cance of the manner in which uncertainty i s expected to 
be resolved over time in the capi ta l rat ioning context i s that i t provides 
ins ight about changes in the l e v e l of uncertainty as the p r o j e c t ' s future 
cash flows become known. In a sequential decis ion process where future 
budgets are influenced by current dec i s ions , the information about the 
proposal ' s l e v e l of uncertainty i s quite use fu l . 
Since the concept of uncertainty resolut ion r e f l e c t s the changes 
in v a r i a b i l i t y of economic worth of a proposal over t ime, a time-dependent 
measure of investment worth i s developed. After an inves t igat ion of v a r i ­
ous time-dependent measures used to summarize the s ign i f i cant economic 
charac ter i s t i c s of an investment, the project balance i s se l ec ted . The 
project balance i s defined as the net equivalent amount the firm has i n ­
vested in the projec t or has received from the project at the end of 
period t , i f i n t e r e s t i s compounded at a given interes t r a t e . 
The projec t balance pattern provides four d i f f erent elements of 
information regarding the d e s i r a b i l i t y of a proposal . They are the area 
of negative projec t balance (ANB), the discounted payback period (Q) , 
the area of p o s i t i v e balance (APB), and the terminal p r o f i t a b i l i t y S^(i) 
of the proposal . Although each of these elements are important, only the 
negative projec t balance and the terminal p r o f i t a b i l i t y are used in the 
c r i t e r i o n developed. 
To quantify uncertainty re so lu t ion , a measure of uncertainty 
xv i 
reso lut ion based on the ANB with the expected gain confidence cr i t er ion 
[EGCL] i s developed. The incorporation of the EGCL in the measure of 
uncertainty reso lut ion enables the c r i t e r i o n to focus on the downside r i sks 
of l o s s as i t changes over t ime. 
An investment s i tuat ion i s suggested where investment decis ions 
are made on a regular periodic bas i s and the objec t ive i s to maximize the 
t o t a l accumulated wealth at some horizon time. I t i s assumed that know­
ledge about what investment would be ava i lab le in the future and their 
associated cash flows i s p r o b a b i l i s t i c . 
To provide a decis ion rule u t i l i z i n g uncertainty reso lut ion which 
can assess the e f f e c t of investment proposals that have p r o b a b i l i s t i c 
outcomes, a decis ion c r i t e r i o n ca l l ed the Project Balance (PB) Cri ter ion 
i s developed. This cr i t er ion cons i s t s of a s ing le index which seeks a 
prac t i ca l trade-of f among the three major investment f a c t o r s : p r o f i t a b i l i t y , 
v a r i a b i l i t y and f l e x i b i l i t y . 
A simulation model based on a var i e ty of investment s i tuat ions i s 
developed to t e s t the e f fec t iveness of the PB c r i t e r i o n with other f r e ­
quently mentioned dec is ion c r i t e r i a . These c r i t e r i a are expected value 
maximization, the mean-variance (M-V) c r i t e r i o n , and expected u t i l i t y 
maximization. In addit ion to comparing these three c r i t e r i a with the PB 
c r i t e r i o n , the value of having complete information about the future 
investment opportunit ies i s a l so introduced to compare the overa l l 
e f f ec t iveness of the PB c r i t e r i o n . 
The analys i s of the r e s u l t s indicate that the project balance 
c r i t e r i o n i s general ly superior to the other c r i t e r i a inves t igated . This 
super ior i ty increases when the v a r i a b i l i t y of the outcomes increases and 
x v i i 
the cash-flow patterns are s ing le payment rather than heterogeneous. 
I t i s observed that the PB cr i t er ion i s not s e n s i t i v e to changes in 
the discount rate se lected and to the choice of the r i s k aversion parameter, 
whereas the s e l ec t i on of the optimal in teres t ra te i s c r i t i c a l to the other 
decis ion c r i t e r i a and the Mean-Variance c r i t e r i o n i s very s ens i t i ve to the 
choice of the r i s k aversion parameter. A l s o , for the cases t e s t e d , the 
Project Balance c r i t e r i o n applied on a sequential bas is i s a l so seen to be 
j u s t as e f f e c t i v e as having perfect knowledge about the outcomes of only 
the pro jec t s known at the time of dec is ion . 
CHAPTER I 
INTRODUCTION 
Capital budgeting decis ions have been one of the most important 
and most d i f f i c u l t decis ions that have confronted businessmen for a 
number of decades. Since businessmen commonly have to makes decis ions 
in the face of uncertainty about the future, investment decis ions are 
always based on predict ions about the future (often the dis tant f u t u r e ) . 
Furthermore, investment decis ions frequently require judgmental estimates 
about future events. I t i s this lack of certa inty about the future that 
makes cap i ta l budgeting decis ions one of the most challenging tasks . 
As the problems of investment decis ions have become more complex and are 
characterized by a high degree of uncertainty, increasingly sophist icated 
ana ly t i ca l methods have become avai lable for helping the businessmen in 
analyzing investment dec i s ions . 
The cap i ta l budgeting process embraces a rather broad and diverse 
c la s s of a c t i v i t i e s associated with the a l l oca t ion of cap i ta l resources 
to meet the demands for these resources. E s s e n t i a l l y , these a c t i v i t i e s 
include the administration and organization of a cap i ta l expenditure 
program, the development of new investment opportunit ies , the estimation 
of future cash flows of investment proposals , the review of the investment 
progarm. However, th i s study i s concerned primarily with the ana ly t i ca l 
techniques u t i l i z e d during the decision-making phase of the cap i ta l 
budgeting process (that i s , techniques to a s s i s t in capi ta l r a t i o n i n g ) . 
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Capital rat ioning can defined as a s i tuat ion in which a firm (or 
an organizat ion) does not have and cannot obtain enough capi ta l to make 
a l l of the investments that are ava i lab le to i t . The paramount problem 
that confronts the decis ion maker i s to determine how the ava i lab le 
cap i ta l should be a l located to the investment proposals that are com­
peting for these funds. 
1*1 Statement of the Problem 
1 . 1 . 1 Decision Process 
One of the important considerations in the evaluation of inves t ­
ment opportunit ies i s the type of decis ion procedure which a firm fol lows 
in a cap i ta l expenditure program. In general , two c lasses of dec is ion 
procedures can be i d e n t i f i e d . One of them is a dec is ion process in which 
the dec is ion maker makes a s ing le decis ion about the investments to 
undertake within the ent ire time horizon. The other c las s represents 
a mul t i - s tage dec is ion process in which the firm makes investment dec i ­
s ions on a regular periodic basis throughout the time horizon. 
Of part icu lar in teres t i s the decis ion process where a firm makes 
cap i ta l investment dec is ions on a regular periodic b a s i s . Each decis ion 
period, the decis ion maker examines a set of investment proposals sub­
mitted for consideration during that period and then makes the inves t ­
ment at the end of the period. Once the a l l o c a t i o n decis ion i s made 
according to some decis ion c r i t e r i o n , the funds budgeted for that period 
are invested in those se lected investment proposals . 
1 . 1 . 2 Uncertainty about Future Investment Opportunities 
When investment decis ions are made on a regular periodic b a s i s , 
3 
one of the important considerations i s the amount of information the 
decis ion maker can obtain about the future. One view of th i s problem 
i s that the decis ion maker at the time of decis ion has complete knowledge 
about the investment opportunit ies that are to be se lected for implemen­
ta t ion in both the present and future. Another view of th i s problem 
i s that the decis ion maker does not have any knowledge concerning future 
investment opportunit ies . 
The assumption that a decis ion maker in most rea l world s i tuat ions 
w i l l have e i ther complete information or no information about the future 
seems quite improbable. This study u t i l i z e s an approach which describes 
an investment framework that allows the decis ion maker some expectation 
as to future investment opportunit ies without requiring s p e c i f i c knowl­
edge about part icu lar investment proposals . This view describes some 
middle ground concerning the a v a i l a b i l i t y of information regarding the 
outcomes of future investments. 
1 . 1 . 3 Uncertainty about Future Cash Flows 
In view of the fac t that most investment s i tuat ions are s tochast ic 
in nature, no complete information regarding future cash flows of the 
investment proposals i s assumed. At each decis ion period, cash flows 
commonly are projected at the time the investment i s f i r s t proposed, and 
at l e a s t i m p l i c i t l y , the future cash flows are considered to be subject 
to p r o b a b i l i s t i c deviat ion from the ir expected va lues . That i s , while 
i n i t i a l outlays in a given project are known with cer ta in ty , the future 
cash flows are only estimates that can be described by known probabi l i ty 
d i s t r i b u t i o n s . 
4 
1 . 1 . 4 Uncertainty Resolution about the Cash Flows through Time 
One of the primary in t ere s t s in th is research i s to recognize the 
fac t that uncertainty about project cash flows over time i s resolved as 
one moves through the decision-making process [ 8 1 , 95 , 1 0 4 ] . Cash flows 
are projected at the time the investment i s f i r s t proposed, and as time 
passes and the future cash flows are r e a l i z e d , the p r o j e c t ' s overa l l 
prospects come into sharper focus . The process of moving from greater 
uncertainty toward l e s s uncertainty i s referred to as uncertainty r e s o ­
lu t ion . The uncertainty ar i s ing from the yet to be rea l i zed cash flow 
outcomes for a proposed investment would be completely resolved at the 
end of the investment period. Thus, from the point of view of uncertain­
ty reso lu t ion , the information of importance i s how uncertainty about 
the p r o j e c t ' s future changes between project i n i t i a t i o n and termination. 
The s igni f icance of the manner in which uncertainty i s expected 
to be resolved over time in the cap i ta l rationing context i s that i t 
provides the decis ion maker with considerable ins ight about changes in 
the l e v e l of uncertainty as the projec t estimates become r e a l i z e d . In 
a sequential decision-making process where future budgets are influenced 
by current dec i s ions , th i s information about the proposal ' s l e v e l of 
uncertainty becomes extremely valuable to the decis ion maker. Therefore, 
the idea i s , " How can this time-phased information regarding uncertainty 
about the cash flows be u t i l i z e d in the investment decision-making 
process ? " 
1* 2_ Object ives of the Research 
The primary purpose of th i s research i s to develop a methodology 
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for measuring the reso lut ion of uncertainty in quant i tat ive fashion and 
to incorporate th i s information into the improvement of capi ta l a l l o ­
cation decis ion problem. Another purpose of this research i s to develop 
an understanding of a regular periodic investment decis ion process where 
the dec is ion maker has neither complete information regarding future 
investment opportunit ies nor complete information regardidng the cash 
flows of the investment proposals . Of part icular concern i s the develo-
ment of a decis ion cr i t er ion to be used in making investment decis ions 
where current decis ions are influenced by future investment opportunit ies 
and future budgets w i l l be influenced by current dec i s ions . These 
objec t ives are accomplished in three ways. 
1 . A pr inc ip le concerning the measure of the reso lut ion of un­
certa inty reso lut ion i s developed and incorporated into a 
decis ion cr i t er ion which can be used in making investment 
decis ions on a regular periodic b a s i s . The c r i t e r i o n i s the 
Project Balance Cri ter ion developed by the author. 
2 . By applying the Project Balance Cri ter ion and three other 
decis ion c r i t e r i a to ident ica l groups of projec t s through 
computer s imulation, the e f fec t iveness of these c r i t e r i a i s 
compared. Computer simulation i s u t i l i z e d because i t was 
necessary to inves t igate a large c lass of investment se t t ings 
which were not manageable by ava i lab le ana ly t i ca l techniques. 
3 . Data describing important features of th i s type of per iodic 
decis ion process are generated and recorded to provide a 
be t t er understanding of certain charac ter i s t i c s of the model's 
performance. 
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1.3 Plan of Study 
Chapter I I provides a review of the l i t e r a t u r e re lated to the 
i ssues raised in the various areas of the research problem. The review 
of the l i t e r a t u r e indicates that normative analys is of the problem of 
uncertainty reso lut ion requires a time-dependent measure of investment 
worth which r e f l e c t s the magnitude of the cash flow pattern over time. 
Chapter I I I invest igates time-dependent measures of investment 
worth which provide a bas is for measuring uncertainty reso lu t ion . Two 
d i f f erent measures of investment worth which r e f l e c t the shape of the 
cash flow pattern over time are examined, and the usefulness of these 
measures as a bas is for quantifying uncertainty reso lut ion i s a l so 
discussed. Then, projec t balance concept i s prec i se ly defined. 
Chapter IV discusses time-dependent measures of uncertainty 
reso lut ion . A measure of uncertainty reso lut ion based on the concept 
of projec t balance incorporated with the expected gain confidence l i m i t 
c r i t e r i o n i s formally proposed. 
Chapter V incorporates the concept of uncertainty reso lut ion 
which was developed in Chapter IV in a systematic manner into a framework 
for investment dec i s ions . To u t i l i z e information about the reso lut ion 
of uncertainty over time, a decis ion cr i t er ion ca l led the Project Balance 
(PB) c r i t e r i o n i s developed as a method to assess the e f f e c t of inves t ­
ment projec t s that have p r o b a b i l i s t i c outcomes. The precise descr ipt ion 
of the other c r i t e r i a to be compared with the PB c r i t e r i o n i s presented. 
The assumptions that underlie these c r i t e r i a are defined here, and they 
are re lated to the actual conditions experienced by those making inves t ­
ment dec i s ions . 
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Chapter VI describes the features and assumptions of the simu­
l a t i o n model which i s used to t e s t the e f fec t iveness of these c r i t e r i a 
in a regular periodic investment decis ion process . The input parameters, 
the shapes of the probabi l i ty d i s t r ibut ions used, the method of gener­
at ing probabi l i ty t rees , the s tart ing conditions and other elements of 
the simulation are presented. 
Chapter V I I presents the simulation re su l t s and the analyses of 
the data regarding the objec t ives of th is study. Three types of inves t ­
ment s i tuat ions are described and their s p e c i f i c investment parameters 
are defined. Based on these investment s e t t i n g s , the e f fec t iveness of 
the PB c r i t e r i o n i s compared to the other tested decis ion c r i t e r i a . To 
examine the e f f e c t s of c r i t i c a l input parameters on the performance of 
each decis ion c r i t e r i o n , the s e n s i t i v i t y of the s p e c i f i c input parameters 
i s analyzed. 
Chapter V I I I contains conclusions and recommendations for further 
research. Detai led mathematical derivat ions for certa in problems in 
Chapter I I I and Chapter IV are presented in the Appendices. 
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CHAPTER I I 
REVIEW OF RELATED LITERATURE ON CAPITAL BUDGETING 
In view of the s igni f icance of the investment decision-making 
process of the firm, extensive e f f o r t has been directed at the problem 
of cap i ta l rationing under r i s k . The ideas and r e s u l t s of th i s e f f o r t 
have been reported in the l i t e r a t u r e of a var ie ty of d i s c i p l i n e s (ac­
counting, business , economics, f inanc ia l management, operations research, 
and indus tr ia l engineering) . In par t i cu lar , the importance of consider­
ing r i s k in cap i ta l investment decis ions has been stressed in the recent 
l i t e r a t u r e dealing with cap i ta l budgeting. 
The review of the l i t e r a t u r e begins with a discuss ion of general 
cap i ta l budgeting problems. Depending upon the degree of information 
one can obtain about the future , capi ta l budgeting decis ion models can 
be c l a s s i f i e d into two categor ies : determinist ic models which assumes 
cer ta in ty , and nondeterministic midels which assume a p r o b a b i l i s t i c 
future . Of part icu lar in teres t in th i s research i s the area of nonde­
terminis t ic models. 
D i s t inc t ion between r i s k and uncertainty has been made in th i s 
presentation. Decision-making under r i s k re fers to the s i tuat ion where 
the probabi l i ty d i s t r ibut ions describing the poss ib le outcome of future 
events are known or assumed. The term uncertainty indicates that so 
l i t t l e i s known about the poss ib le future outcomes that a r e l i a b l e 
probab i l i ty d i s t r ibut ion cannot be described. This study assumes that 
the decis ion maker can describe probabi l i ty d i s tr ibut ions concerning 
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future events, and therefore a quant i tat ive statement about p r o b a b i l i s t i c 
outcomes can be made. 
Since the primary in teres t of th i s study i s in the area of capi ta l 
rat ioning under r i s k , Section 2 . 2 examines two important areas in the 
l i t e r a t u r e (1) how the concept of r i s k i s defined, and (2) how the 
concept of r i s k i s recognized in the decision-making process . Tools to 
evaluate r i s k in an e x p l i c i t manner are discussed in Section 2 . 2 . 2 and 
rat ioning c r i t e r i a under r i s k are reviewed in Section 2 . 2 . 3 . 
In Section 2 . 3 , the concept of uncertainty reso lut ion i s defined 
and a review of the l i t e r a t u r e on the subject i s provided. In par t i cu lar , 
th i s sect ion explores the usefulness and l imi ta t ions of the measures of 
uncertainty reso lut ion currently ava i lab le in the l i t e r a t u r e . Uncertainty 
reso lut ion i s of part icular in teres t because time-phased information 
regarding the r i sk iness of projec t s can be useful in aiding a decis ion 
maker who has to make investment decis ions on a regular periodic b a s i s . 
Section 2 .4 considers the problem of the decis ion process . Two 
d i f f eren t decis ion processes can be invest igated . One model requires 
that a firm makes decis ions sequent ia l ly as investment proposals are 
presented for consideration. The other model describes a firm that makes 
investment decis ions about batches of proposals at regular periodic 
i n t e r v a l s . One of the in teres t s of th i s study i s to develop an under­
standing of a decis ion process where a firm makes cap i ta l investment 
decis ions on a regular periodic b a s i s . 
F ina l ly , of part icu lar in teres t i s an inves t igat ion of a regular 
investment process where current decis ions are influenced by expec­
tat ions about future investment opportunit ies and future budgets w i l l be 
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influenced by current dec is ions . Therefore, when the firm makes investment 
decis ions on a regular periodic bas i s with uncertain future investment 
opportunit ies , obtaining time-phased information about a p r o j e c t ' s r e ­
maining uncertainty i s expected to be important. Since the concept of 
uncertainty resolut ion does provide th is type of information, the use of 
th i s concept in a regular periodic decis ion process i s presented in 
Section 2 . 4 . 3 . 
2 . 1 Capital Budgeting Problems 
As defined in Chapter I , capi ta l budgeting i s a many-facet 
investment a c t i v i t y dealing with the e f f e c t i v e u t i l i z a t i o n of resources . 
In general , the basic a c t i v i t i e s involved in many organizat ions can be 
d iv ided into two categories : (1) administration of the cap i ta l budgeting 
program, and (2) cap i ta l rat ioning decis ion (or cap i ta l budgeting 
d e c i s i o n ) . 
The f i r s t category embraces a var ie ty of a c t i v i t i e s , a l l of which 
are e s s e n t i a l to a successful cap i ta l budgeting program. These adminis­
t r a t i v e a c t i v i t i e s include search for investment opportuni t ies , est imation 
of cash f lows, the forecast ing of the a v a i l a b i l i t y and cost of funds for 
investment (financing d e c i s i o n s ) , projec t implementation and post audi t s . 
Obviously, these administrat ive a c t i v i t e s cons t i tute some of the elements 
most c r i t i c a l to the success of an investment program. They may a lso 
represents some of the most d i f f i c u l t a c t i v i t i e s to accomplish in the 
cap i ta l budgeting process . 
The second category, capi ta l rat ioning dec i s ion , i s of primary 
in teres t in th i s study. Capital rat ioning deals with the problem of 
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a l loca t ing l imited resources among competing investment opportuni t ies . 
In par t i cu lar , when a decis ion maker i s faced with a s i tuat ion in which 
he must s e l e c t among a l t ernat ive investments under various constra ints , 
he i s faced with a cap i ta l rationing dec is ion. 
When one makes a cap i ta l rat ioning dec i s ion , one of the important 
considerations i s the amount of knowledge one can obtain about the future . 
I f the decis ion maker at the time of decis ion has complete information 
regarding the investment opportunit ies that are to be se lected for 
implementation in both the present and future , th i s s i tuat ion i s referred 
to as determinist ic cap i ta l rat ioning decis ion. On the other hand, i f 
the decis ion maker has l e s s than perfect information or no information 
at a l l regarding the investment opportunit ies in e i ther present or future 
(or bo th ) , th i s s i tuat ion could be described as s tochas t i c , p r o b a b i l i s t i c 
or nondeterminist ic . 
2 . 1 . 1 Determinist ic Capital Rationing Decision 
Numerous models have been appeared in the l i t e r a t u r e as ra t iona l 
approaches for dealing with determinist ic cap i ta l rat ioning problems 
(Dean [ 2 0 ] , Daver [ 1 9 ] , Fle ischer [ 2 6 ] , and see a l so a comprehensive 
review in Bernhard [ 5 ] ) . Analysis for cap i ta l rat ioning decis ions has 
become more sophist icated through the appl icat ion of new mathematical 
t o o l s . The most comprehensive treatment of the problem has been by 
Weingartner [ 1 0 1 ] . His basic formulation, which uses the Lorie-Savage 
problem [56] as a point of departure, has made widely known the use fu l ­
ness of mathematical programming for a l locat ing capi ta l under various 
constra ints . 
When mult i -period rationing decis ions are considered, the 
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ef fec t iveness of using mathematical programming in cap i ta l rationing 
becomes more pronounced. In other words, use of mathematical programming 
permits the whole set of investment a l ternat ives to be considered in both 
the present and future as a program. Complex in terre la t ionsh ips among 
investment projec t s can be stated and analyzed at one time as can the 
f inanc ia l in terre la t ionships imposed by capi ta l rat ioning (see the basic 
horizon model formulated by Weingartner [ 1 0 1 ] . 
The pr inc ipal d i f f i c u l t y of mathematical programming approaches to 
cap i ta l budgeting, however, i s that they are based on the assumption that 
a l l future investment opportunit ies are known with cer ta inty . The a s ­
sumption that a decis ion maker in most rea l world s i tuat ions w i l l have 
complete information about the future seems quite unl ike ly . In view of 
the f a c t that most investment s i tuat ions are s tochast ic in nature, the 
main in teres t of th i s research focuses on the nondeterministic cap i ta l 
rat ioning decis ion problems. 
2 . 1 » 2 Nondeterministic Capital Rationing Decision 
Since the future i s rare ly known with cer ta in ty , cap i ta l rat ioning 
decis ions are normally based on predict ions about the future . Variat ions 
in the outcomes of the future events (variat ions from the judgmental 
est imates) have been the primary concern to most decis ion makers in the 
evaluation of investment proposals (see Hicks [ 4 2 ] , pp. 126-127 for 
c l a s s i c a l reference on this s u b j e c t ) . 
Decision s i tuat ions may be broken down into two categories 
depending upon the degree of d i f f i c u l t y in predict ing the fu ture : r i s k 
and uncertainty. The d i s t i n c t i o n between r i s k and uncertainty i s that 
dec is ions under r i s k are referred to as those s i tuat ions in which the 
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probabi l i ty d i s t r ibut ions of future events are e i ther known or assumed. 
For decis ions under uncertainty, these p r o b a b i l i t i e s are not known, or 
the dec is ion maker i s not w i l l ing to (or f e e l s he i s not able to) s ta te 
quant i ta t ive ly the probabi l i ty associated with poss ib le future events . 
The primary in teres t of th i s research i s to invest igate cap i ta l 
rat ioning under r i s k . However, i t i s recognized that there may be many 
s i tuat ions in which the decis ion maker may not be able to assign proba­
b i l i t i e s to future events so he must re ly on a t o t a l l y d i f ferent approach 
for formally considering this lack of information (Luce and Raif fa [ 5 7 ] , 
Fishburn [25] and Adelson [ 1 ] ) . 
2 . 2 Capital Rationing Considering Risk 
Accounting for the r i s k involved in a l t ernat ive investment pro­
posals i s often one of the important considerations in the evaluation of 
these proposals . To gain ins ight into the research problem addressed in 
th i s work, a review of what has been occurring in both the applied and 
theore t i ca l areas of capi ta l rationing decis ions considering r i s k i s 
deemed worthwhile. Thus, th i s sect ion examines two important areas in 
the l i t e r a t u r e : how the concept of r i s k i s defined, and how the concept 
of r i s k i s recognized in the decision-making process . 
2 . 2 . 1 The Concept of Risk 
The concept of r i s k most widely used in the l i t e r a t u r e i s the 
v a r i a b i l i t y of return, which i s measured by variance (or standard dev i ­
at ion) [62 , 9 3 ] . That i s , the more, an investment's 'return varies about 
i t s expected return, the larger i s the inves tor ' s r i s k . When variance 
i s used as a measure of r i s k , i t implies that deviat ions below expected 
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value are regarded the same as deviat ions above the expected value . 
Even though th i s measure has been c r i t i c i z e d as too conservative s ince 
i t regards a l l extreme returns as undesirable, whether p o s i t i v e or 
negat ive , variance i s a popular measure of r i s k because of i t s f a m i l i a r i t y 
and ease of computation [ 6 1 ] . 
As an a l t e r n a t i v e , semivariance, which i s a s imi lar approach to 
r i s k in problems of th i s type, has the advantage of focusing on reduction 
of l o s s e s , that i s , v a r i a b i l i t y in negative return [ 6 1 ] . When th i s 
measure i s used in cap i ta l budgeting problems ( for example, p o r t f o l i o 
s e l e c t i o n ) , i t requires a f u l l knowledge of the j o i n t probabi l i ty d i s t r i ­
bution about the p r o j e c t s ' investment returns. This information i s 
required for ca lculat ing the values of mean, variance, and semivariance 
of a l t ernat ive investment p o r t f o l i o s . When the decis ion maker i s faced 
with a set of a l t ernat ives and each project has a large number of outcomes 
( for a d i scre te c a s e ) , the development of such a d i s t r ibut ion i s usual ly 
impract ica l . 
As mentioned e a r l i e r , the use of variance as measure of r i s k t rea t s 
with indif ference potent ia l outcomes above and below expected value . 
Thus, a modified version of th i s measure i s proposed by Baumol [ 3 ] , which 
i s referred to as the expected gain confidence l i m i t c r i t e r i o n (EGCL). 
This supplementary measure takes the form of L = E - So* where E and a 
stand for the expected value and standard deviat ion of the net present 
value about the mean of an investment proposal , and 6 i s a parameter 
which represents the degree of r i s k aversion of the decis ion maker. Here 
L i s said to be the c r i t i c a l point on which an investment dec is ion should 
be based. 
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Another p laus ib le measure of r i s k in capi ta l budgeting l i t e r a t u r e 
would be the probabi l i ty of l o s s c r i t e r i o n . This measure, along with 
some variants of i t , has become known as the s a f t y - f i r s t r u l e [ 8 3 ] . I f 
r i s k i s defined as the chance of l o s s , r i s k i s measured by the area of a 
probabi l i ty d i s t r ibut ion which l i e s below the point of p r o f i t a b i l i t y . 
In other words, th i s i s a measure which treats only unfavorable return 
as equivalent to " l o s s . " This implies that the r i s k of a project i n ­
creases i f the l i k e l i f o o d of l o s s increases or i f the magnitude of the 
p o s s i b l e l o s s increases . For example, a project with a large var ia t ion 
of p r o f i t may have no p o s s i b i l i t y whatever of l o s s . In f a c t , such a 
projec t would be viewed as r i s k f ree by those who use th i s c r i t e r i o n , 
however great the v a r i a b i l i t y of po tent ia l outcomes. However, to compute 
the probab i l i ty of l o s s or the expected l o s s , the complete knowledge of 
j o i n t probabi l i ty d i s t r ibut ions of investment proposals i s required. 
These d i s t r ibut ions can be rather d i f f i c u l t to obtain [ 6 1 ] . 
Despite the many measures of r i s k discussed in the l i t e r a t u r e , i t 
i s observed that there i s considerable d i spar i ty between the d e f i n i t i o n 
of r i s k and the measures of r i s k that businessmen are applying and those 
that the academicians recommend. A recent survey by Pet ty , Scott and 
Bird [73] indicates that businessmen viewed r i s k as being primarily 
concerned with the probabi l i ty of not achieving a target return. Almost 
40% of the the corporate executives interviewed described r i s k in th i s 
manner. In other words, management i s more concerned with negative 
var ia t ion rather than to ta l var ia t ion of poss ib le investment outcomes. 
The second leading de f in i t ion of r i sk in th is survey re la te s to var ia t ion 
in returns , which i s equivalent to variance as measure of r i s k . Their 
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are, in general, consistent with those previous studies by Mao [60] and Klammer [52]. 2.2.2 Methods for Quantifying Risk Numerous approaches have been proposed for incorporating risk quantitatively in investment analyses. Most frequently, however, the methods recognized for analyzing the riskiness of a capital investment are referred to as the probability distributions approach and the utility approach. There are a few notable exceptions such as the risk-adjusted discount rate approach, the payback period approach and the variation of project life as a means for adjusting risk. The two methods, the risk-adjusted discount rate and the payback period, have been discussed in the literature as an approach for con­sidering risk in the evaluation of investment proposals [80, 96, 54, .69, 104]. The major difficulty associated with the risk-adjusted discount rate approach is in determining the approapriate discount rate for a particular investment [96,Ch.5]. This determination is likely to be somewhat arbitrary so that this approach fails to deal with such risk in an explicit and accurate fashion. On the other hand, the serious drawback of the payback method as an approach for considering risk is that it places no time value on the stream of revenues generated after the project recovers its initial investment. However, it is recognized that in practice there is still a strong tendancy to associate the riskiness of. an investment with the number of years to recover the original investment [73, 104]. In capital budgeting practice,, a number of firms adjust for risk by reducing the life of theiproject the greater its perceived risk [9]. 
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Van Home [97] analyzes the var iat ion of project l i f e as a means for r i s k 
adjustment, and i d e n t i f i e s the various biases inherent in i t s use. 
2 . 2 . 2 . 1 Risk Represented by Certainty-Equivalent . The cer ta in ty -
equivalent approach has been discussed by Robichek and Myers [80] as an 
a l t ernat ive approach to the r i sk-adjusted discount ra te approach. With 
th i s method d i s t r ibut ions of poss ib le cash flow outcomes are spec i f ied 
period by period and a certa inty equivalent i s subst i tuted for each of 
the d i s t r i b u t i o n s . Then, the modified cash flows are discounted back to 
present value at a r i s k free in teres t r a t e . In p a r t i c u l a r , the adjustment 
in the estimated cash flows i s carried out by mangementTs u t i l i t y pre fer ­
ences with respect to r i s k . 
Like the r i sk-adjusted discount rate approach, the cer ta in ty -
equivalent approach presents prac t i ca l problems of implementation. With 
the certa inty-equivalent approach, the adjustment in a stream of cash 
flows i s to be determined by specifying the certa inty-equivalent coef­
f i c i e n t s period by period. The most d i f f i c u l t problems are in specifying 
the appropriate degree of r i s k in terms of these c o e f f i c i e n t s for an 
investment opportunity and in being consistent in these spec i f i ca t ions 
from projec t to project [96] 
2 .2 .2 .2 .—Risk Represented by P r o b a b i l i t y ' D i s t r i b u t i o n s . A more 
sophist icated approach which considers the probabi l i ty d i s t r ibut ions of 
cash flows over time in the evaluation of r isky investments has received 
wide a t tent ion in the l i t e r a t u r e . The idea i s to present management with 
pert inent information about the expected value of return and the d i s ­
persion of the probabi l i ty d i s t r ibut ion of poss ib l e returns . In the 
l i t e r a t u r e two methods have been u t i l i z e d to define the measure of 
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investment worth as a random var iab le . The two methods are the ana ly t i ca l 
method and the Monte Carlo method. 
An ana ly t i ca l method developed by H i l l i e r [ 4 3 , 44] and implemented 
by Wagle [100] shows how the exact mean and variance of the probabi l i ty 
d i s t r ibut ion of the present value can be derived. With H i l l i e r 1 s r e s u l t s 
as a point of departure, many wri ters have extended the ideas presented 
in H i l l i e r f s previous paper [ 4 3 ] , general iz ing to the various cases of 
investment s i tuatuions (Fair ley and Jacoby [ 2 3 ] , Kabak and Owen [ 5 0 ] , 
Canada and Wadsworth [ 1 5 ] , Perrakis and Henin [ 7 0 ] , Perrakis and Sahin 
[ 7 1 ] , Mantell [ 5 9 ] , and Young and Contreras [ 1 0 5 ] ) . 
Hertz [39] i s one of the f i r s t to suggest the use of Monte Carlo 
simulation to accommodate the r i sk iness of an investment. The popularity 
of using th is part icular technique to obtain the expected mean and 
dispers ion about the expected return for an investment l i e s in the fac t 
that for complex s i t u a t i o n s , the mathematical ca lcu lat ion of the required 
s t a t i s t i c s i s impossible or extremely d i f f i c u l t . Indeed, most of the 
methods used today employ th i s approach s ince i t provides not only the 
expected net present value , but a lso the shape of the d i s t r i b u t i o n of the 
c r i t e r i o n function [ 1 1 , 4 0 ] . Certain l imi ta t ions to th i s technique have 
been discussed by H i l l i e r [ 4 5 ] . 
2 . 2 . 2 . 3 Risk Represented by U t i l i t y Functions. The approaches 
discussed in the previous sect ion have a l l been based upon the use of 
p r o b a b i l i s t i c monetary values . The u t i l i t y theory approach incorporates 
the u t i l i t y preferences about r i s k into the investment dec is ion by use 
of u t i l i t y function [ 7 7 , C h . 5 ] . Even though this approach has been 
discussed extens ive ly in the l i t e r a t u r e [ 3 1 , 4 4 , 67] as ra t iona l approach 
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to incorporate r i s k in investment ana lys i s , the approach i s infrequently 
used in pract ice [ 5 2 , 7 3 ] . The most d i f f i c u l t requirement of th i s approach 
i s to derive and speci fy the u t i l i t y function numerically for various 
investment s i t u a t i o n s . 
In summary, of a l l the methods for dealing with r i s k , the d irect 
use of probabi l i ty d i s tr ibut ions appears to be the most f e a s i b l e and 
p r a c t i c a l . Therefore, the fol lowing sect ion reviews the l i t e r a t u r e in 
the area of capi ta l rat ioning c r i t e r i a with p r o b a b i l i s t i c considerat ions . 
2 . 2 . 3 Capital Rationing Cr i ter ia with P r o b a b i l i s t i c Considerations 
Most o f ten , investment proposals have been analyzed by using net 
present value as a c r i t e r i o n function, even though the choice of c r i t er ion 
for optimization i s rather d i f f i c u l t . A firm may be primari ly interested 
in p r o f i t a b i l i t y in the evaluation of investment proposals , but i t may 
enterta in a host of other nonfinancial considerations [ 2 9 ] . 
When nonfinancial considerations such as labor r e l a t i o n s , i t s 
public image to stockholders, share of market, sa fe ty of employees or the 
the public are factored into the investment decis ion a n a l y s i s , m u l t i -
a t t r i b u t e u t i l i t y funct ions 1 approach has been considered. These u t i l i t y 
functions summarize a l l the relevant information about t rade -o f f s among 
the many investment fac tors [ 7 7 , C h . 9 ] . With recent advances in mult ip le 
o b j e c t i v e programming, Igniz io [48] discusses the cap i ta l budgeting 
problem having mult iple objec t ives in a mathematical programming context . 
Although i t i s recognized that there i s substant ia l evidence that suggests 
business firms have nonmonetary objec t ives and pursue nonmonetary goals 
[ 2 9 ] , these considerations are not invest igated in th i s study. 
Numerous decis ion c r i t e r i a have been appeared in the l i t e r a t u r e 
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for evaluating the p r o f i t a b i l i t y of r i sky investment proposals with 
budget constraints [ 2 , 1 2 , 17 , 27, 30 , 36 , 37 , 62 , 65 , 72 , 89 , 1 0 2 ] . 
When the objec t ive of the decis ion maker can be viewed as the se l ec t ion 
of the set of pro jec t s which maximizes some c r i t e r i o n funct ion, the form 
of the c r i t e r i o n function which leads to the desired conclusion i s im­
portant. Two d i f f erent views on the form of the c r i t e r i o n function are 
discussed in the l i t e r a t u r e . One view i s that the function i s l inear in 
the outcomes, while the other view assumes a nonlinear re lat ionship [ 1 0 2 ] . 
2 . 2 . 3 . 1 Expected Value Maximization. For th i s c r i t e r i o n , the 
decis ion maker i s assumed to be r i s k indi f ferent such that h is problem i s 
to s e l e c t the f e a s i b l e so lut ion vector having the larges t expected net 
present value without v i o l a t i n g the budget constraint . Assuming that the 
dec is ion maker has defined meaningful random var iab les and that he knows 
the shapes and parameters of their d i s t r i b u t i o n s , he can compute h i s 
expected payoff without considering corre lat ions among the p r o j e c t s . 
Even i f the outcomes of investments are j o i n t l y d i s t r ibuted , nothing new 
i s introduced under the expected value maximization c r i t e r i o n . This 
type of model has been discussed by Weingartner [ 1 0 2 ] , . Peterson and 
Laughhunn [ 7 2 ] . 
Weingartner [102] a lso discusses the second-order e f f e c t s for 
in terre la ted projec ts i f the condit ional d i s t r ibut ion of outcomes of a 
part icu lar p r o j e c t , given that another i s undertaken, i s d i f f erent from 
the unconditional d i s t r ibut ion . This type of model which has the 
objec t ive of expected value maximization i s formulated by quadratic 
integer programming and solved by Re i t er ' s method [ 7 8 ] . 
A d i f f erent model which a lso employs expected value maximization 
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i s the chance-constrained model of Byrne, Charnes, Cooper and Kortanek 
[ 1 3 ] . In th i s model, a p r o b a b i l i s t i c payback constraint i s imposed over 
a l l investments simultaneously so the spec i f i c o b j e c t i v e i s to s e l e c t 
those projec t s which s a t i s f y the constraints while maximizaing expected 
net present value . This type of model has been c r i t i c i z e d for i t s lack 
of real ism [ 6 0 ] . 
2 . 2 . 3 . 2 Mean-Variance Cr i ter ion . Markowitz [62] has proposed an 
approach consis t ing of success ive ly minimizing a p o r t f o l i o ' s variance for 
each of a number of expected values or expected returns . Markowitz f s 
approach i s frequently referred to as the p o r t f o r l i o approach. 
When the p o r t f o l i o approach i s appl ied, the model i s general ly an 
adaptation of the Markowitz p r o t f o l i o se lec t ion model with 0-1 condit ions 
imposed on the decis ion var iables to r e f l e c t projec t i n d i v i s i b i l i t y [ 1 0 2 ] . 
The model requires that the decis ion maker specify .the. rate of trade-off 
between reduction in expected value for reduction in variance. 
The Markowitz mean-variance c r i t e r i o n assumes that variance of 
return as the measure of r i s k . However, d i f f erent models which u t i l i z e 
the standard deviation are formulated by Peterson and Laughhunn [ 7 2 ] . 
When the expected gain condifence l i m i t i s used as the measure of r i s k , 
a model which also employs the p o r t f o l i o approach i s discussed in [ 7 2 ] . 
I f r i s k i s defined as the chance of l o s s , Roy's s a f e t y - f i r s t ru le model 
would be another adaptation of the Markowitz mean-variance c r i t e r i o n [ 8 3 ] . 
On the other hand, Mao [61] formulates the p o r t f o l i o s e l ec t ion model by 
u t i l i z i n g the semivariance as a measure of r i s k . 
Markowitz's p o r t f o l i o s e l ec t ion model requires that a problem be 
solved with the f u l l variance-covariance matrix, which i s quite time 
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consuming, primari ly due to the matrix inversion required for computing 
the c r i t i c a l l i n e . Thus, Sharpe [86] o f f er s an a l ternate computational 
scheme, the Diagonal Model (or Index Model) , which assumes that the 
comovement of s e c u r i t i e s depends only on a s ing le market index. Some 
accuracy i s s a c r i f i c e d , but the reduction in complexity i s s i g n i f i c a n t . 
In conjunction with the mean-variance c r i t e r i o n , the s tochast ic 
dominance cr i t er ion a l so has appeared in the l i t e r a t u r e [ 3 4 ] . Stochastic 
dominance se l ec t ion rules u t i l i z e every b i t of information in the prob-
i l i t y d i s t r ibut ion rather than simply focus on the probabi l i ty d i s t r i ­
but ion's f i r s t two moments. As a r e s u l t , s tochast ic dominance se l ec t ion 
rules occas ional ly can y i e l d p o r t f o l i o s which maximize expected u t i l i t y 
and are not Markowitz e f f i c i e n t p o r t f o l i o s [ 3 5 ] . Although s tochast ic 
dominance s e l ec t ion rules are l o g i c a l l y superior to other simpler 
dec is ion c r i t e r i a , their pract i ca l value i s dubious because they require 
knowledge of every point on the probabi l i ty d i s t r ibut ion rather than 
merely the f i r s t two moments. 
2 . 2 . 3 . 3 Expected U t i l i t y Maximization. When the objec t ive of 
the decis ion maker i s to s e l ec t the set of proposals which maximizes 
expected u t i l i t y , but the u t i l i t y function i s not l inear in the outcomes, 
then the nonlinear u t i l i t y c r i t e r i o n function gives r i s e to a problem 
not present when simple expected value of outcomes maximization serves 
as the cr i t er ion [ 1 0 2 ] . U t i l i t y i s defined for the ent ire p o r t f o l i o of 
projects', including both the projects. .being considered and those already 
and in the process of being carried out . Weingartner [102] develops some 
ana ly t i ca l concepts in handling these types of problems. 
Apart from Weingartner's formulation, H i l l i e r [45] provides a 
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u t i l i t a r i a n approach to the problem of se lec t ing the best combination of 
the investments under consideration by deriving the probabi l i ty d i s t r i ­
bution of the present value for each f e a s i b l e combination of investments. 
The o b j e c t i v e i s to seek the f e a s i b l e combination that maximizes the 
expected value of a u t i l i t y function. 
In summary, for the models discussed above, the emphasis has been 
on anlyzing the e f f e c t s of r i s k of future cash flows which re su l t from an 
investment on the economic d e s i r a b i l i t y of that investment. The most 
d i f f i c u l t problem in evaluating r isky investment proposals with budget 
constraints i s the choice of the cr i t er ion function for maximization. 
Determination of the objec t ive function to be maximized i s dependent upon 
the decis ion maker's a t t i tude toward r i s k preferences. 
2 . 3 Uncertainty Resolution in Capital Budgeting 
Re la t ive ly l i t t l e at tent ion has been focused on the concept of 
uncertainty reso lut ion as a way to be more e f f i c i e n t in the s e l e c t i o n of 
investments. In par t i cu lar , none of the models discussed in the previous 
sect ions deal with the concept of uncertainty reso lut ion in an e x p l i c i t 
manner. In f a c t , Robichek and Myers [ 8 1 ] , apparently the f i r s t to use 
the term "resolution of uncertainty ," discuss the potent ia l importance 
of the concept for an investor se lec t ing a p o r t f o l i o among s ecur i t i e s 
which have d i f f erent uncertainty reso lut ion patterns . These authors deal 
only in part with the question of " . . . the manner in which uncertainty 
i s expected to be resolved over time ( [ 8 1 ] , pp. 2 2 4 - 2 2 7 ) " from the 
viewpoint of equilibrium in f inanc ia l markets. 
In view of the s igni f icance of the concept of the reso lut ion of 
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uncertainty in th i s research, i t i s worthwhile to i l l u s t r a t e what i s 
meant by uncertainty reso lut ion with a simple numerical example. 
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Figure 2 - 1 . I l l u s t r a t i o n of Uncertainty 
Resolution 
In the previous example in Figure 2 - 1 , the project requires an 
i n i t i a l outlay of $100. Between Period 0 and Period 1 , there i s a .50 
probab i l i ty of moving to Node ( l ^ and rea l i z ing a cash inflow of $10 , 
versus a . 5 0 probabi l i ty of moving to Node ^2) and obtaining a cash 
inflow of $110. Futhermore, in each case the p r o b a b i l i t i e s and cash 
flows associated with Period 2 are as stated in Figure 2 - 1 . 
When period t = 1 occurs, e i ther Node or Node ^ ) w i l l have 
been r e a l i z e d , each with probabi l i ty of . 5 0 , and some of the i n i t i a l 
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uncertainty concerning the future return from the project w i l l have been 
el iminated. S p e c i f i c a l l y , the investor w i l l have learned by time t = 1 
whether the $100 associated with Node ^ l ) w i l l be obtained or not , and 
considering a l l the. poss ib le 'cash flows in Figure 2 - 1 , most people would 
agree that the major uncertainty about the p r o j e c t ' s d e s i r a b i l i t y involves 
the $100 cash flow. Thus, as time passes and the future cash flows are 
r e a l i z e d , the p r o j e c t ' s overa l l prospects come into sharper focus . The 
process of moving from greater uncertainty toward l e s s uncertainty i s 
referred to as uncertainty reso lut ion . 
There are three major approaches in the l i t e r a t u r e which deal with 
the concept of uncertainty reso lut ion in e x p l i c i t manner. The three 
approaches are the payback period method, the coe f f i c i en t of var ia t ion 
method, and the certa inty-equivalent method. 
2 . 3 . 1 Payback Period as a Measure of Uncertainty Resolution 
As a measure of uncertainty reso lut ion , Weingartner [104] discusses 
the payback concept as an approximate measure of uncertainty re so lu t ion . 
He argues that the rate a t which the uncertainty developing around the 
outcome i s expected to be resolved may be measured, at l e a s t crudely, by 
the r e l a t i o n between the ser ies of cumulated expected cash inflows and 
the amount of the:investment. Thus, he emphasizes that one v ir tue of the 
payback method of cap i ta l budgeting analys is i s that i t i s a measure of 
the rate at which uncertainty i s expected to be resolved. However, he 
neither argues that one should use the payback period method for dec i s ion­
making purposes, nor shows how one can trans late this payback concept into 
the sequential cap i ta l budgeting decis ion problems. 
The serious drawback of the payback method as a bas is for measuring 
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uncertainty reso lut ion i s that i t places no time value on the stream of 
revenues generated a f ter the project recovers i t s i n i t i a l investment. 
Another d i f f i c u l t y associated with the use of the payback method i s that 
i t i s rather d i f f i c u l t to f ind a meaningful index which represents the 
ra te of the reso lut ion of uncertainty through time, when a proposal ' s 
cash flows are expressed in terms of a probabi l i ty t ree . One may compute 
the expected payback period and v a r i a b i l i t y about the expectation for 
a proposal shown in Figure 2-1 [ 6 3 ] . However, the interpretat ion of the 
the s t a t i s t i c s as to the rate of uncertainty reso lut ion over time i s 
rather vague. 
2 . 3 . 2 Coef f ic ient of Variat ion as a S t a t i s t i c a l Measure of Uncertainty 
Resolution 
Van Home [95] proposes a methodology for analyzing how uncertainty 
i s resolved over time in the case of new product investment. His approach 
cons i s t s of dividing the square root of the weighted average of poss ib le 
variances (about the relevant condit ional means) at any time period t by 
the t o t a l expected discounted terminal value of the investment. 
Van Home argues that i f an ives tor wishes to maximize net present 
value subject to maintaining i t s r i s k complexion, th i s pattern of un­
certainty, reso lut ion d i sc loses what types of projec ts the investor w i l l 
need to generate. That i s , i f uncertainty i s expected to be resolved very 
quickly for the ex is t ing p o r t f o l i o s and, for some reason, the oppor­
tun i t i e s the firm expects to a r i s e are "less" r isky in the near future , 
then management would be able to consider r e l a t i v e l y r isky projec t s at 
the current decis ion point in i t s attempt to maximize net present value 
subject to maintaining i t s r i s k complexion. This i s because the mainte-
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nance of an approximate constant r i s k posture need not involve a constant 
l e v e l of uncertainty over time from the ex is t ing p o r t f o l i o of investments. 
2 . 3 . 2 . 1 Bierman and Hausman's Crit ique of Van Home's Measure. 
In conjunction with Van Home's development, Bierman and Hausman [8] 
explore the usefulness and l imi ta t ions of the concept of uncertainty 
reso lut ion in the evaluation of both single, r isky investments and in por t ­
f o l i o s of r i sky investments. Their major conclusion i s that Van Home's 
measure of uncertainty reso lut ion for a s ing le investment does not provide 
complete information and, in s i tuat ions in which a l l future investment 
opportunit ies are known, a measure of uncertainty reso lut ion for indiv idu­
a l investments i s not needed for systematic analys is of the p o r t f o l i o 
type of investment problem. On the other hand, for s i tuat ions in which 
future investment opportunit ies are not known with cer ta inty , the concept 
and Van Home's index for p o r t f o l i o reso lut ion of uncertainty do seem to 
have usefulness in aiding the firm in i t s attempts to maintain a given 
r i s k p r o f i l e . However, Bierman and Hausman did not attempt to develop 
any a l t erna t ive measure of uncertainty reso lut ion . 
2 . 3 . 2 . 2 D i f f i c u l t y Associated with Van Home's Measure. Apart 
from Bierman and Hausman's c r i t i c i s m , the usefulness of Van Home's 
approach as a measure of uncertainty reso lut ion i s open to question on at 
l e a s t one point . As stated e a r l i e r , th i s methodology i s equivalent to 
dividing the square root of the weighted average of poss ib l e variances 
at any time period t by the t o t a l of the investment. Since th i s compu­
tat ion i s based on s o l e l y on the magnitude of terminal va lue , the index 
f a i l s to consider the cash flow pattern of the probabi l i ty t ree . To 
demonstrate what i s meant by f a i l u r e to f u l l y consider the cash flow 
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pattern of the probabi l i ty t ree , consider Projects Zl and Z2 shown in 
Figure 2 - 2 . 
Figure 2 - 2 . Probabi l i ty Trees Associated with 
Project Z l and Project Z2 
As shown by Bierman and Hausman [8 , pp. B - 6 5 6 - 6 5 8 ] , Figure 2-2 
can be transformed into a probabi l i ty tree with net future equivalent 
value (or net discounted present value) occurring only at the branch 
t ips in the f i n a l period as shown in Figure 2 - 3 . The actual reso lut ion 
of uncerainty i s ident i ca l in the two probabi l i ty trees of Projects Zl 
and Z2 shown in Figures 2-2 and 2 - 3 . Since the two probabi l i ty trees 
in Figure 2-3 have ident i ca l terminal values with ident i ca l condit ional 
p r o b a b i l i t i e s , Van Home's measure w i l l indicate that both projec t s 
are equivalent in terms of the way of reso lut ion of uncertainty over 
time. 
A c lose examination of the probabi l i ty trees reveals that Project 
Zl recovers i t s i n i t i a l investment r e l a t i v e l y fas ter than Project Z2 
does no matter which branch i s r e a l i z e d . In general , i f the cash flows 
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Figure 2 - 3 . Alternate Probabi l i ty Trees 
for Projects Z l and Z2 
are highly v a r i a b l e , then the uncertainty of a project w i l l be reduced 
i f i t pays for i t s e l f quickly. In other words, the investor w i l l not 
have to wait for events occurring many years in the future before he 
knows whether he w i l l recover the outlays that have been made. In that 
sense, i t can be said that Project Z l quickly resolves uncertainty 
associated with i t s future rece ipts as compared to Project Z 2 . From 
the standpoint of an investor , th i s information should be extremely 
valuable because a p r o j e c t ' s a b i l i t y to return i t s investment would be 
of prime concern to the investor faced with the uncertain investment 
opportunit ies of the future. As demonstrated in the above numerical 
example, Van Home's measure does not provide complete information, as 
i t i s s o l e l y based upon the magnitude of terminal p r o f i t a b i l i t y . 
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Even with cer ta inty , i t i s not d i f f i c u l t to show that the present 
worth measure ( i . e . , based on terminal p r o f i t a b i l i t y ) i s not a s ens i t i ve 
time-dependent measure of investment worth which r e f l e c t s changes in the 
cash flow pattern as a function of the p r o j e c t ' s l i f e . To i l l u s t r a t e 
what i s meant by an insens i t ive time-dependent measure of investment 
worth, consider the fol lowing two investment proposals in Figure 2 - 4 . 
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Figure 2-4. Cash Flow Diagrams for Proposal Y l 
and Proposal Y2 
At an interes t rate of 15.5%, the net present worth of both 
investments would be $ 3 3 . 2 3 . In other words, under cer ta inty , Proposals 
Yl and Y2 are equivalent in terms of economic d e s i r a b i l i t y . This i s 
because the present value represents the aggregate terminal p r o f i t a b i l i t y 
measured at the present point in time. However, th i s measure f a i l s to 
f u l l y consider the shape of the cash flow pattern over the project l i f e . 
In terms of the p r o j e c t ' s a b i l i t y to return i t s investment, 
Proposal Y2 recovers i t s i n i t i a l investment fas ter (two years) than 
Proposal Y l does (three y e a r s ) . When the decis ion maker ant ic ipates 
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another investment opportunity within the l i v e s of the p r o j e c t s , he may 
not be indi f ferent in se lect ing a project even though the present value 
of each projec t i s ident ica l with certa inty . 
Under conditions of uncerta inty , the shape of the cash flow pattern 
w i l l be of importance because i t provides information about the ra te at 
which the uncertainty developing around the outcome i s expected to be 
reso lved . I f a projec t has a quick expected recovery of i t s i n i t i a l 
investment, the decis ion maker i s l e f t only with the; problem of whether the 
useful l i f e of the project beyond the f u l l recovery period (payback 
period) i s p r o f i t a b l e enough to make i t a t t r a c t i v e . 
2 . 3 . 3 Certainty-Equivalent Approach for Considering Uncertainty 
Resolution 
Apart from the coe f f i c i en t of var ia t ion approach, Percival and 
Westerf ie ld [ 6 9 ] , Cozzolino and Zanhner [18] develop a measure of un­
certa inty reso lut ion based on u t i l i t y theory. Bas ica l ly their approach 
uses a consumption bas i s to create a preference s tructure for extended-
time decis ion problems under uncertainty with reference to individual 
u t i l i t y functions (however, those authors did not apply the ir methods 
to cap i ta l rat ioning problems). 
The major d i f f i c u l t y associated with the certa inty-equivalent 
approach i s in the development of an appropriate u t i l i t y function to 
ident i fy the time preference of consumption. In p a r t i c u l a r , an indvidu-
a l ' s time preference for future consumption depends large ly on what 
investment opportunit ies this individual would have in the future . 
However, the occurrence, timing, and character i s t i c s of future investment 
opportunit ies are rather d i f f i c u l t to predict with certa inty in most real 
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investment s i tuat ions . Under these circumstances, i t i s rather d i f f i c u l t 
to bui ld a rigorous u t i l i t y function which describes the time preference 
of consumption in a meaningful way. 
2 . 4 Mult i -Stage Capital Budgeting Decisions 
As outl ined in Chapter I , the primary purpose of th i s research 
i s to develop an understanding of a decis ion process where a firm makes 
cap i ta l investment decis ions on a regular periodic b a s i s . More s p e c i f i ­
c a l l y , for each period, the decis ion maker examines a set of investment 
proposals submitted for consideration during that period and then makes 
the investment at the of the period. Of part icu lar in teres t i s the study 
of a regular investment process where current decis ions are influenced by 
expectations about future investment opportunit ies and future budgets 
w i l l be influenced by current dec is ions . 
When a firm makes decis ions sequent ia l ly as investment proposals 
are presented for considerat ion, the apparent economic advantage i s that 
there w i l l be no needless delay in the implementation of highly productive 
investments. On the other hand, when the firm makes decis ions with -
regular periodic in terva l s on batches of proposals , the apparant economic 
advantage i s that the decis ion maker can be more discriminating when a l l 
the proposals are competing simultaneously. Para-Vasquez and Oakford 
[68] compare the r e l a t i v e e f fec t iveness of these two procedures for 
simulated investment environments. They conclude that there are s t a ­
t i s t i c a l d i f ferences between the two decis ion procedures and the firms 
should inves t igate the periodic (annual) decision-making procedure as an 
a l t ernat ive to sequential decision-making. 
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2 . 4 . 1 Periodic Decisions with Imperfect Knowledge of Future 
Investment Opportunities 
When the firm makes investment decis ions on a regular periodic 
b a s i s , the amount of knowledge the decis ion maker can obtain about the 
future w i l l be one of the important considerations in the cap i ta l ra t i on ­
ing dec i s ions . One view of th i s problem i s that the decis ion maker at 
the time of decis ion has complete knowledge about the investment oppor­
t u n i t i e s that are to be se lected for implementation in both the present 
and the future. A more common and prac t i ca l view i s that the decis ion 
maker has complete information only about those investment opportunit ies 
at the time of decis ion (that i s , the future investment opportunit ies 
are uncerta in) . 
2 . 4 . 1 . 1 Stochastic Programming Approach. The problem of a l l o ­
cating a f ixed set of time-phased investment dec is ions among competing 
investment proposals can be formulated by Weingartner r s bas ic horzon 
model [ 1 0 1 ] , i f there i s no uncertainty associated with the cash flows 
of each investment proposals . However, most investment s i tuat ions are 
s tochast ic in nature and few project se l ec t ion decis ions are f i n a l ones 
based upon complete information. 
When a proposal involves a number of continuation decis ions during 
the evolution of the project (that i s , a proposal that can be described 
by a decis ion t r e e ) , Lockett and Gear [55] present a method of formulating 
the cap i ta l budgeting problem which allows for r i s k and the mul t i - s tage 
nature of the decis ion process . The approach u t i l i z e s a dec i s ion- tree 
method of representing individual projec ts and a form of s tochast ic 
integer programming to optimize the se l ec t ion of a subset of p r o j e c t s . 
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In f a c t , the ir approach i s an extension of Weingartner 1 s mathematical 
programming formulation and allows chains of events to be represented 
with s tochast ic decis ion trees (see Hespos and Strassman [41] for the 
concept of the s tochast ic decis ion tree and Byrne, Charnes, Cooper, and 
Kortanek [14] for the formulation of a s tochast ic programming model) . 
The d i f f i c u l t y associated with the s tochast ic programming approach 
l i e s in the fac t that as the problem s i ze increases , the number of intege 
var iab le s in the model becomes large and the so lut ion cannot be obtained 
through currently ava i lab le integer programming codes. For complex 
s i t u a t i o n s , as the authors admitted, resort to some form of simulation 
u l t imate ly may be necessary. 
2 . 4 . 1 . 2 Salazar and Sen's Model. When investment proposals are 
described by p r o b a b i l i s t i c cash f lows, but the consequences of the future 
investment opportunit ies are known, Salazar and Sen [84] propose the use 
of s tochast ic l inear programming to determine the expected return and 
v a r i a b i l i t y of a combination of r isky investments. They begin with 
Weingartner's horizon model for cap i ta l rat ioning , where the objec t ive 
function i s to maximize the future worth at some terminal date , subject 
to budget constra ints . 
Two types of r i s k are introduced in Salazar and Sen's model. The 
f i r s t involves pos s ib l e changes in economic and competitive fac tors 
l i k e l y to a f f e c t cash f lows. The second type of r i s k involves the 
v a r i a b i l i t y in cash flows for given economic and competitive f a c t o r s . 
With th i s p r o b a b i l i s t i c information, they propose simulating a ser ies of 
future events by the use of Monte Carlo technique, then apply Weingartner 
horizon model to the set of data obtained from the s imulation. By 
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repeated simulation of the future events associated with specific portfolios and horizon values obtained from the simulated set of port­folios, one can obtain the probability distribution of horizon values for each of the portfolios. By computing the expected values and standard deviations of the probability distributions, a risk-return chart is generated. Their approach is unique in generating a risk-return chart through linear programming and simulation. Nevertheless, some difficulty in the. model is associated with the expression of the functional relationship between project outcomes and economic and competitive factors. 2.4.1.3 Thuesen's Model. When the consequences of the future investment opportunities are not known with certainty, none of those approaches described in the previous sections can be used directly. In particular, when the occurrence, timing, and characteristics of future investment opportunities are difficult to predict with certainty, one cannot build a rigorous model of this situation. In fact, it would be the case which fits the situation most businessmen face [8]. Very little work has been done on the model of this type of Investment situation. Thuesen's doctoral dissertation [90] (also see Oakford and Thuesen [66]), which used simulation techniques, is a notable exception. The objective of Thuesen's model is to compare the per­formance of the Maximum Prospective Criterion [66] with the other decision criteria in a decision process where a firms makes capital investment decisions on a regular, periodic basis. 
It is true that most of the literature discussing the 
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di f ferences between procedures i s confined to the s ing le stage decis ion 
(that i s , s ing le decis ion about the investments to undertake within the 
ent ire time horizon) and uses ana ly t i ca l techniques for making the com­
parison with a small number of proposals (see a few exceptions in 
Sundem [ 8 9 ] , Para-Vasquez and Oakford [ 6 8 ] ) . Thus, Thuesen's simulation 
model provides a prac t i ca l method for obtaining the large number of 
proposals that would be needed to compare the r e l a t i v e e f fec t iveness 
of se lected decis ion procedures on a regular, periodic b a s i s . 
In simulating investment s i t u a t i o n s , one of Thuesen's basic 
assumptions i s that the decis ion maker lacks complete knowledge about 
future investment opportuni t ies , but at each decis ion period, the decis ion 
maker has complete information about the charac ter i s t i c s of proposals 
considered at that decis ion time. This assumption, in f a c t , appears to 
be too r e s t r i c t i v e in the sense that in most actual decis ion s i tuat ions 
w i l l seldom complete information about the proposals a v a i l a b l e . 
2 . 4 . 2 Incorporation of the Concept of Uncertainty Resolution in a 
Periodic Decision Process 
As discussed in Section 2 . 3 , for s i tuat ions in which future 
investment opportunit ies cannot be prec i se ly known, the concept of 
uncertainty reso lut ion i s use fu l . In p a r t i c u l a r , Bierman and Hausman 
[8] explain how the information provided from uncertainty reso lut ion of 
investment proposals can be he lpful as fo l lows: 
Such information (re fers to uncertainty reso lut ion) could be of use 
to a manager who has a basic f ee l ing for the general manner in 
which new investment opportunit ies may occur for h i s part i cu lar 
company as time passes. Even though he i s not w i l l i n g to s t a t e 
prec i se ly the p r o b a b i l i s t i c mechanism for generation of investment 
opportunit ies over time, i t seems reasonable to presume that he 
has some information about th i s process and can therefore use 
p o r t f o l i o uncertainty reso lut ion information in his decision-making. 
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The potent ia l importance of the concept of uncertainty reso lut ion 
has been addressed by several authors as seen in Section 2 . 3 . However, 
nowhere in the l i t e r a t u r e i s there a successful appl icat ion of the idea 
to a regular periodic decis ion process where the decis ion maker lacks 
f u l l knowledge of h is future as wel l as present investment opportunit ies . 
Therefore, i t i s the purpose of th i s research to inves t igate such a 
s i tua t ion . 
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CHAPTER III 
TIME-DEPENDENT MEASURES OF INVESTMENT WORTH As outlined in Chapter II, this research considers the resolution of uncertainty through time for investments having uncertain future outcomes. Normative analysis of the problem of uncertainty resolution raises two basic questions: how to quantify information regarding uncer­tainty resolution and how to utilize the information in the improvement of capital budgeting decision problems. First of all, it is important to determine the basis on which uncertainty resolution will be measured. The appropriate basis of measuring uncertainty resolution should be the one which provides information about the changes in cash flows over time. This chapter investigates time-dependent measures of investment worth which provide bases for measuring uncertainty resolution in the subsequent two chapters. Two different time-dependent measures of invest­ment worth are discussed: the unrecovered balance method and the project balance method as a basis for measuring uncertainty resolution. Section 3.1 discusses the concept of the unrecovered balance method, its unique­ness, and the limitations of using the unrecovered balance method as a basis for measuring uncertainty resolution. Section 3.2 introduces the concept of project balance as time-dependent measure of investment worth in lieu of the unrecovered balance method. 
3.1 Measures of Investment Worth In Chapter II, it was observed that the traditional measures of 
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investment worth do not provide complete information regarding the shape 
of the cash flow pattern. The shape of the cash flow pattern i s important 
because i t conveys information regarding the internal generation of funds 
from investments for the future. 
When investment decis ions are made on a sequent ia l , periodic bas is 
with funds generated i n t e r n a l l y , the manner in which funds become a v a i l ­
able in the future determines the f l e x i b i l i t y of the f irm's investment 
a c t i v i t i e s . Under conditions of uncertainty, the shape of a cash flow 
pattern w i l l be of great importance because i t provides information about 
the rate at which the uncertainty associated with the outcome i s expected 
to be resolved. Obtaining information about the p r o j e c t ' s expectations 
i s extremely valuable to the firm for making subsequent dec i s ions , because 
the firm can evaluate the advantages of current consumption with respect 
to invest ing in future a l t ernat ives which may become ava i lab le [ 1 0 4 ] , 
In th i s sec t ion , two d i f f erent measures of investment worth which 
r e f l e c t the shape of the cash flow pattern over time are examined. These 
two time-dependent measures of investment worth are the unrecovered b a l ­
ance method and the project balance method. The usefulness of these 
measures as a bas i s for quantifying uncertainty reso lut ion a l so i s 
discussed. 
3 . 1 . 1 Unrecovered Balance as a Time-Dependent Measure of Investment Worth 
3 . 1 . 1 . 1 Unrecovered Balance—Basic Def in i t ion . One of the reasons 
for the use of the rate of return (ROR) in business i s the fac t that i t 
conveys information about the r e l a t i v e d e s i r a b i l i t y of a l t ernat ive 
investments. In the economic sense, the rate of return represents the 
percentage or rate of in teres t earned on the unrecovered balance of an 
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investment. Conversely, i t means that exact ly the o r i g i n a l cap i ta l plus 
a l l accumulated in teres t has been returned at the end of the pro jec t . 
Therefore, the unrecovered balance can be viewed as the portion of the 
investment that remains to be recovered af ter in teres t payments and r e ­
ce ip t s have been added and deducted, re spec t ive ly , up to the point in 
time being considered [92 , Chap. 6 ] . 
The unrecovered balance at each point in time can be found from 
the fol lowing recursive equation, 
U T = U ^ U + i * ) + F f c ( 3 -1 ) 
where F = The payment received at the end of period t 
i* =• The in teres t rate earned on the unrecovered 
balance during period t , i . e . , rate or return (ROR) 
U q = The i n i t i a l amount of project investment 
To i l l u s t r a t e the fundamental meaning of unrecovered balance for 
a p r o j e c t , consider the fol lowing two investment projec t s shown in 
Figure 3 . 1 . Each investment requires the same amount of out lay , and the 
corresponding rate of return (ROR) for each investment project i s computed 
at 28.5% for Project Bl and 34% for Project B2, respec t ive ly . By examining 
the cash flow patterns of both p r o j e c t s , i t appears that Project B2 recovers 
i t s i n i t i a l investment at a fa s t er rate than does Project B l . The unrecovered 
balances related to each investment project can be found from Equation 3 - 1 
and summarized in Table 3 - 1 . 





0 1 3 4 
i = 28.5% 
Project Bl 
- $ 1 0 0 
0 1 2 
$^0 $^0 
± = 34.0% 
Project B2 
-$100 
Figure 3 - 1 . Cash Flow Diagrams for Projects Bl and B2 
3 - 1 . Unrecovered Balances as a Function of Time 
Proiect Bl 
Time ( t ) 0 1 2 1 4 
Amount Owed (U t ) ($) - 1 0 0 - 1 0 0 - 9 8 . 5 - 9 6 . 5 7 - 5 4 . 3 8 
Interes t Owed (U t 1 i ) 0 - 28 .5 - 2 7 . 0 7 - 2 7 . 8 1 - 1 5 . 6 0 
Amount Paid (F f c ) 0 30 30 70 70 
Unrecovered Balance (U t > - 1 0 0 - 98 .5 - 9 6 . 5 7 - 5 4 . 3 8 0 
Project B2 
Time ( t ) 0 1 2 CO 4 
Amount Owed (U t ) ($) - 1 0 0 -100 - 7 4 . 0 - 3 9 . 2 - 2 2 . 5 
Interest Owed (U , i ) 
t - l J 0 - 34 - 2 5 . 2 - 1 3 . 3 - 7 .5 
Amount Paid (F ) 
t 0 60 60 30 30 
Unrecovered Balance (U ' 
t' 
- 1 0 0 - 74 - 3 9 . 2 - 2 2 . 5 0 
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Figure 3 -2 can be obtained. Figure 3-2 shows that Project B2, which has 
a higher rate of return than Project B l , maintains a smaller amount of 
unrecovered balance than Project B l . In th i s part icu lar example, i t seems 
that the unrecovered balance appropriately measures the magnitude of 
actual cash flow patterns . This i s because in Equation 3 -1 i s a d irect 
function of F at each point in time. 
Figure 3 - 2 . The Unrecovered Balance Patterns 
for Projects Bl and B2 
3 . 1 . 1 . 2 Discriminating A b i l i t y . The unrecovered balance patterns 
may take d i f f eren t forms even i f the rates of return of the pro jec t s are 
i d e n t i c a l . This implies that the ident i ca l rate of return for certa in 
pro jec t s does not necessar i ly mean the same pattern of unrecovered 
balances . This argument i s analogous to saying that the i d e n t i c a l rate 
of return for certa in projec ts does not necessar i ly imply the same econ-
nomic d e s i r a b i l i t y of the p r o j e c t s . The uniqueness of the unrecovered 
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balance pattern for a given p r o j e c t ' s cash flows can be ascertained by 
examining Equation 3 - 1 . In Equation 3 - 1 , i t i s evident that the rate of 
return i alone does not determine U t so that one cannot presume that the 
* 
projec t s with the same i would have the ident i ca l values of U*t over time. 
To i l l u s t r a t e the uniqueness of the unrecovered balance associated with 
a p r o j e c t , consider Projects C and D having the cash flow patterns shown 
in Figure 3 - 3 , In order to compute U t at each point in time for each 
p r o j e c t , i t i s necessary to determine the rate of return associated with 
each pro jec t . Both projec ts have the same rate of return of 28%. However, 
i t becomes evident that the unrecovered balances for each project are quite 
d i f f e r e n t , as summarized in Table 3 -2 and p lot ted in Figure 3 - 4 . 
$100 nop 
550 $35 .84 
i = 28% 
Project C 
- $ 1 0 0 
0 
i = 28% 
Project D 
- $ 1 0 0 
Figure 3 - 3 . Cash Flow Diagrams for Projects C and D 
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Table 3 - 2 . Unrecovered Balances for Projects C and D 
t 0 1 2 
* 
TJ t (D 
Project C -$100 -$78 0 
Project D -$100 -$28 0 
t 
0 1 2 3 
Figure 3 - 4 . Unrecovered Balance Patterns for Projects C and D 
3 . 1 . 1 . 3 Limitations of Using Unrecovered Balance as a Measure of 
Investment Worth. As shown in Equation 3 - 1 , the unrecovered balance pat ­
tern appears to be r e l a t i v e l y sens i t ive to the changes in magnitude of 
cash flows of the p r o j e c t . Thus, i t i s of in teres t to examine further 
whether the concept of unrecovered balance can be u t i l i z e d e f f e c t i v e l y as 
an a l t ernat ive time-dependent measure of investment worth. 
To examine the p o s s i b i l i t y of using the unrecovered balance concept 
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when measuring the rate at which investment worth i s resolved over t ime, 
consider the fol lowing case of investment s i tuat ions where Projects El and 
E2 require the same i n i t i a l outlay of $100. As can be seen in Figure 3 - 5 , 
Project El only d i f f e r s from Project E2 in the magnitude of cash flow 
occurring at the end of year two. 
00 $100 
b 









Figure 3 - 5 . Cash Flow Diagrams for Projects El and E2 
The rate of return associated with each project would be computed as 
R 0 R E 1 = 2 0 % R 0 R E 2 = 2 8 % ' 
and the corresponding unrecovered balances as a function of time t can 
be summarized in Table 3 - 3 . 
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Table 3 - 3 . Unrecovered Balances for Projects El and E2 
t 0 1 2 
* 
Project El -$100 -$20 0 
u td> 
• 
Project E2 -$100 -$28 0 
t 
0 1 2 
Figure 3 - 6 . The Unrecovered Balance Patterns 
for Projects El and E2 
In th i s example, Project E2 maintains a higher unrecovered balance than 
Project E l . In terms of the rate at which investment worth i s resolved 
over t ime, i t appears that Project El recovers i t s i n i t i a l investment at 
a f a s t e r rate than does Project E2. However, by examining the cash flow 
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patterns of both projec ts (Projects El and E2 are common in magnitude of 
cash flows during time t = 0 , 1 ) , i t may we l l be questioned whether 
Project El would be preferred over Project E2 simply because Project E2 
maintains a r e l a t i v e l y higher unrecovered balance at time t = 1 . 
The reason for th i s undesirable property can be explained as fo l lows . 
* 
In Equation 3 - 1 , i (= rate of return) i s defined as the in teres t rate 
earned on the unrecovered balance at each point in time. Since the unre-
* 
covered balance computation i s based on the rate of return, i , the unre­
covered balance at each point in time i m p l i c i t l y assumes the cash flows 
to be reinvested at i (see Heebink [ 3 8 ] ) . Therefore, i t i s observed that 
the impl i c i t assumption has been made that the $100 throw-off of Project El 
in year one i s reinvested at 20%, whereas the same amount of $100 throw-off 
of Project E2 i s reinvested at 28%. The use of two d i f f eren t reinvestment 
rates on the same amount ($100) causes the d i f f i c u l t y experienced in the 
example. 
From the foregoing descr ipt ion i t becomes evident that the unre­
covered balance does measure the r e l a t i v e magnitude of cash flow for a given 
investment p r o j e c t . However, i f i t i s used to measure the a t trac t iveness 
of an investment proposal at the same time, some shortcomings are observed. 
In other words, i t i s easy to construct patterns of cash flow which are 
ranked in one order of merit by the unrecovered balance and in a reverse 
order by a measure of economic d e s i r a b i l i t y . In view of these conceptual 
d i f f i c u l t i e s , the unrecovered balance based on the rate of return for a 
given project has l imi ta t ions which reduce i t s d e s i r a b i l i t y for judging 
the economic advantage of various investments. 
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3 . 1 . 2 Project Balance as a Time-Dependent Measure of Investment Worth 
Another measure of investment worth which r e f l e c t s the shape of a 
cash f low pattern i s examined in th i s sect ion . The measure i s referred 
to as the projec t balance. The fundamental d i f ference between the unre­
covered balance and the project balance l i e s in the fact that the project 
balance method u t i l i z e s a minimum a t t r a c t i v e rate of return (MARR) in the 
computation of unrecovered balance through time, instead of using the rate 
of return. The use of a s ing le in teres t rate (reinvestment rate ) i s to 
measure investment worth over time on a consistent b a s i s . 
3 . 1 . 2 . 1 Project Balance*--Basic Def in i t ion . The project balance at 
the end of period t at a MARR of i i s defined as the amount the firm has 
invested in the project or has required from the project at the end of 
period t , i f the outstanding balance at the end of each period 0 , 1 , 2 , 
t - l i s compounded at in teres t rate i during the fol lowing period. 
Formally, the balance of a projec t at the end of period t , at in teres t i , 
i s 
S t ( i ) - ( 1 + i ) S t - 1 ( i ) + F t ( 3 - 2 ) 
Project balance at end of year t 
MARR 
Receipts in year of t , and 
Final balance of the p r o j e c t . 





I t fo l lows immediately that 
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S t ( i ) - F Q C I + D ' + F ^ l + i ) ' " 1 + . . . + F f c 
Thus, the method of project balance picks E2 over E l , which i s consistent 
with the information on projec t preference revealed in the example shown 
in Figure 3 - 5 . 
for t - 0 , 1 , . . . , N . 
Now, i t can be seen that the use of the projec t balance as a bas is 
for determining the d e s i r a b i l i t y of an investment proposal w i l l reso lve 
the inconsistency introduced by the use of the unrecovered balance in the 
example shown in Figure 3 - 5 . The computations obtained from appl icat ion 
of Equation 3 -2 for Projects El and E2 would produce the fol lowing s ta t i s ­
t i c s , using a MARR = i . 
For Project E l , 
s Q Ci) E 1 = -loo 
S 1 ( i ) E l = S 0 ( i ) E 1 ( 1+ i ) + 100 - -100 i 
S 2 ( i ) E l - S 1 ( i ) E 1 ( 1+ i ) + 24 = -100 i ( 1 + i ) + 24 
For Project E2, s Q Ci) E 2 — i o o 
S l C i ) E 2 " S 0 ( i ) E 2 + 1 0 0 " " 1 0 ° i 
S 2 ( i ) £ 2 - S i ( i ) E 2 ( 1+ i ) + 3 5 . 8 4 = - 1 0 0 i ( 1+ i ) + 3 5 . 8 4 
Since
 s o ^ E l = S 0 ^ E 2 a n d S l ^ i ) E l = S l ^ i ) E 2 ' i t : c a n b e s a i d t h a t 
S 2 ( i ) E 2 > S 2 ( i ) E 1 for any value of i ( S 2 ( i ) E 2 - S 2 ( i ) E 1 = 1 1 . 8 4 ) . 
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3 . 1 . 2 . 2 Information Provided from Project Balance Pattern. When 
S^Ci) in Equation 3-2 i s p lot ted as a function of time t over the inves t ­
ment l i f e N, the project balance pattern for a general investment s i tuat ion 
can be obtained as shown in Figure 3 - 7 . In Figure 3 - 7 , the fol lowing 
assumptions are made: 
1 . Cash flows occur at d i s c r e t e points in time; disbursements are always 
considered to be made at the beginning of a period and rece ipts are 
always received at the end of the period. 
2 . The discount rate i , or reinvestment rate (MARR), i s held constant 
over the project l i f e . I t i s recognized that the use of d i f ferent 
discount rates over the projec t l i f e i s poss ib le whenever the use of 
such d i f f erent in teres t rates i s j u s t i f i a b l e . When th i s i s the case, 
the i in Equation 3 -2 can be expressed as a function of time. In th i s 
presentat ion, the use of a s ing le reinvestment rate i s assumed unless 
otherwise spec i f i ed . 
The discount rate can be viewed as a borrowing or lending rate in a 
certa in investment s i tuat ion . Although i t i s recognized that the 
appropriate s e l ec t ion of a discount rate in constrained cap i ta l 
rat ioning problems s t i l l remains d i f f i c u l t (see Baumol and Quandt [ A ] , 
Lusztig and Schwab [ 5 8 ] , and Thuesen [ 9 1 ] ) , th i s study simply u t i l i z e s 
a cut -o f f rate predetermined by management. 
3 . The proposal ' s cash flows are characterized with an i n i t i a l investment 
or a ser ies of disbursements, s tar t ing at the present followed by a 
ser ies of pos i t i ve (or zero) r e c e i p t s . This assumption w i l l be held 
throughout the chapter unless otherwise mentioned. 
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o 
Figure 3 - 7 . Project Balance as a Function of Time 
The time path of project balance in Figure 3-7 i s referred to as 
the project balance pattern for the p r o j e c t . This project balance pattern 
provides the basic information about the a t tract iveness of a part icu lar 
investment proposal as a function of i t s l i f e . 
In Figure 3 - 7 , the shaded area represents the period of time during 
which the S t ( i ) has negative va lues , that i s , the time during which the 
i n i t i a l investment plus in teres t i s not f u l l y recovered. This area i s 
referred to as area of negative balance (ANB). Symbolical ly , the area i s 
represented by 
Q 
ANB = E S ( i ) ( 3 - 3 ) 
t=0 t 
Since the value S t ( i ) for t < Q represents the magnitude of negative balance 
of the projec t at the end of year t , th i s i s equivalent to the amount of 
52 
poss ib l e l o s s i f the project terminates by that time or no rece ipts are 
made. With cer ta in ty , the ANB can be interpreted as the aggregate t o t a l 
amount of d o l l a r s to be t ied up for the part icu lar investment a c t i v i t y . 
Thus, the smaller the ANB, the more f l e x i b l e the f irm's future investment 
a c t i v i t y i s . Therefore, i t i s considered that the smaller the ANB for a 
p r o j e c t , the more a t t r a c t i v e i t i s , i f other things are equal. 
Point Q on the horizontal axis in Figure 3-7 represents the d i s ­
counted payback period which indicates how long i t w i l l be before the 
projec t breaks even. Therefore, i t i s considered that the smaller the Q 
for a p r o j e c t , the more des irable i t i s , i f other things are equal. 
The dotted area represents the period of time during which the 
S ( i ) maintains p o s i t i v e project balance. This dotted area i s referred to 
as area of p o s i t i v e balance (APB). The i n i t i a l investment of the project 
has been f u l l y recovered so that rece ipts made during th i s time period 
d i r e c t l y contribute to the f i n a l p r o f i t a b i l i t y of the pro jec t . Symbolic­
a l l y , the area i s represented by 
Since the values S t ( i ) for t > Q represent the magnitude of p o s i t i v e pro­
j e c t balance, there i s no poss ib l e l o s s even though the project terminates 
in a period e a r l i e r than i t s l i f e or no addi t ional rece ipts are received. 
Therefore, the larger the APB for a p r o j e c t , the more a t t r a c t i v e i t i s , i f 
other things are equal. 
F i n a l l y , the l a s t project balance, S ^ ( i ) , represents the net future 
worth of the projec t (or terminal p r o f i t ) at the end of i t s l i f e . The net 
Q 
ANB = Z S ( i ) , (Q = 
t=0 
min[q] , and I F ( l+i )"" t ) 
t=0 
( 3 - 4 ) 
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present worth of the project can be found e a s i l y by a simple transformation, 
that i s , 
PW(i) = S „ ( i ) 1 w ( 3 - 5 ) 
W ( l + i ) W 
3 . 1 . 2 . 3 Types of Project Balance Pattern. Numerous types of pro­
j e c t balance pattern are f e a s i b l e depending on the ser i e s of cash flows 
and the in teres t rate used in the computation of S t ( i ) . In general , when 
S t ( i ) i s p lot ted as a function of time over the project l i f e , three d i f ­
ferent types of projec t balance patterns are poss ib le for the projec t s 
which s a t i s f y the basic assumptions outl ined in Section 3 . 1 . 3 . 3 . The 
three types of patterns are: 
1 . When a project provides a return greater than the MARR. This , in turn, 
indicates that the i n i t i a l investment of the project i s f u l l y recovered 
with a p r o f i t . Then, the general project balance pattern would assume 
the appearance of Figure 3 - 7 . 
2 . When a project provides a rate of return equal to the MARR. This 
implies that the i n i t i a l investment of the project i s barely recovered 
such that the discounted payback period occurs at the end of the pro­
j e c t l i f e . When th i s i s the case , the projec t balance pattern would 
assume the appearance of Figure 3 - 8 . 
3 . When a project provides a rate of return l e s s than the MARR. This 
implies that the i n i t i a l investment of the project plus in teres t i s 
not recovered when the project terminates. The general project balance 
pattern i s described in Figure 3 - 9 . 
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i = MARR ( i ) 
Figure 3 - 8 . Project Balance Pattern when ROR = MARR 
If i < MARR ( i ) 
Figure 3 - 9 . Project Balance Pattern when ROR < MARR 
3 . 1 . 2 . 4 Discriminating Abi l i ty—Regular Periodic Payment Cash 
Flows. As developed in the previous sec t ions , the projec t balance pattern 
provides four d i f f erent pieces of information regarding the d e s i r a b i l i t y 
of a proposal as a function of i t s l i f e . In order to examine the p o s s i ­
b i l i t y of using the area obtained from the project balance pattern as a 
bas i s for measuring uncertainty reso lu t ion , the reasoning for th i s approach 
(area transformation) i s presented in th i s sect ion . In p a r t i c u l a r , the 
55 
types of cash flow patterns examined in th i s sect ion are regular periodic 
payment cash f lows . The regular periodic payment cash flows are referred 
to as those cash f low patterns whose amounts are received regular ly with 
equal distance in timing. Although there are an i n f i n i t e number of f e a s ­
i b l e cash f low pat terns , i t i s reasonable to expect that a f i rm's inves t ­
ment proposals could be approximated by one of the fol lowing basic cash 
flow patterns [ 9 2 , Chap. 4 ] . These cash flow patterns are: 
(1) Single Payment 
(2) Uniform Series 
(3) Gradient Series (Decreasing) 
(4) Gradient Series (Increasing) 
One of the basic questions to be answered i s as fo l lows: "Is there 
any l o s s of information by summarizing the project balance charac ter i s t i c s 
as ANB and APB?" In other words, can the area transformations ANB and APB 
be appropriate time-dependent measures of investment worth which provide 
the same information about the actual cash flow patterns that i s re f l ec ted 
in the projec t balance pattern? To answer th is question, consider a pro­
j e c t whose cash f low pattern i s described as a s ing le payment as shown in 
Figure 3 - 1 0 . For a given in teres t rate i , the project balance pattern at 
each point in time, S f c ( i ) can be described as in Figure 3 - 1 1 . 
Since there are no rece ipt s during the project l i f e ( i . e . , F t = 0 , 
for t = 1 , 2 , . . . , N - 1 ) , the S t ( i ) of negative project balance at each point 
in time keeps increasing u n t i l the f i n a l payment i s made. The values of 
ANB and APB can be found from the recursive equation (see Equation 3 - 2 ) . 
That i s , by expanding the S t ( i ) function over the project l i f e (N) , the 
projec t balance at each point in time can be expressed as 
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S 0 ( l ) = F 0 
S ^ i ) = ( l + i ) F + 7 ± 
S 2 ( i ) = ( l + i ) 2 F 0 + ( l + i ) F 1 + F 2 
S 3 ( i ) = ( l + i ) 3 F Q + ( 1 + i ) ^ + ( 1 + 1 ) F 2 + F 3 






Then, by l e t t i n g r = ( 1 + i ) , the values of ANB and APB can be obtained from 
success ive appl icat ion of the geometric s er i e s (see [ 8 8 ] ) . 
From Equation 3-6 and Equation 3 -7 , the values of ANB and APB for 
a s ing le payment cash flow w i l l be uniquely determined as long as the 
values of i and N are f ixed . In other words, ANB and APB become only a 
function of F^ and F^ for constant values of i and N. Therefore, for a 
given cash flow, i t s corresponding project balance pattern i s unique and 
the area under the project balance pattern becomes unique. This , in turn, 
implies that there w i l l be no l o s s of information by summarizing the pro­
j e c t balance charac ter i s t i c s as ANB and APB. A s imi lar argument can be 
( 3 - 6 ) 




applied to those regular cash flow patterns such as uniform series, gradient series (decreasing), and gradient series (increasing). (See Appendix A for the argument.) To illustrate the basic concept of the project balance and its dis­criminating ability as compared to the traditional measures of investment worth (present worth, etc.), the following hypothetical investment situa­tion in which the decision maker has to select one of the four proposals shown in Figure 3-12 is presented. Projects 1 and 2 have single payment and uniform series cash flows, respectively. Projects 3 and 4 are gradient series, with one being an increasing gradient series and the other a decreasing gradient series. All projects require the identical initial investment with a service life of three years. If the future worths are computed at a MARR of 10%, all projects would have an equivalent future worth of $63.40 (or present worth = $47.63). This implies that no project is preferable to the others when making a present worth comparison. Plotting the project balance pattern for each project provides additional useful information which is not revealed by computing present worth equivalents. For example, when comparing Project 1 to Project 3 in terms of the shape of the project balance pattern, it is shown that Pro­ject 3 recovers its initial investment within two years, while Project 1 takes three years to recover the same amount of initial investment. This, in turn, indicates that Project 3 would provide more flexibility in future investment activity to the firm as compared to Project 1. By selecting Project 3, the investor can assure himself of being restored to his initial position within a short span of time. A similar one-to-one comparison can be made among all four projects. Table 3-4 summarizes the statistics 
59 
obtained from each project balance pattern shown in Figure 3 - 1 2 . 
Table 3 - 4 . S t a t i s t i c s of Project Balance Patterns 
for Projects 1 , 2 , 3 and 4 






1 Single Payment $63 .4 331 .00 6 3 . 4 0 
2 Uniform Series $63 .4 150 .63 67 .07 
3 Gradient Series 
$ 6 3 . 4 141 .27 76 .73 
4 Gradient Series 
(Increasing) $63 .4 1 6 6 . 0 0 6 3 . 4 0 
Table 3-4 shows that Project 3 appears to be most des irable even 
though i t s terminal p r o f i t a b i l i t y i s equal to those of other p r o j e c t s , 
s ince i t s ANB i s the smallest and i t s APB area i s the larges t as compared 
with those of the other three p r o j e c t s . As discussed in Section 3 . 1 . 2 . 2 , 
the smaller value of ANB implies more f l e x i b i l i t y in the f irm's future 
investment a c t i v i t y . In other words, an early reso lut ion of the negative 
projec t balance would make funds ava i lab le for a t t r a c t i v e investment 
opportunit ies which would a r i s e in the subsequent decis ion per iods . One-
to-one comparison among the projec t s with regard to ANB and APB can be 
depicted graphical ly (see Figure 3 - 1 3 ) . From Figure 3 - 1 3 , i t becomes 
evident that the project balance parameters such as ANB and APB r e f l e c t 
the changes in the cash flow patterns over time. Since Point 3 in 
Figure 3^13 represents the highest APB with the smallest ANB, Project 3 
appears to be the most des i rab le . 
$196.ft 





TJ 1 2 —S Uniform Series Project 2 
* -$100 
$68.73 $58.73 4̂ 48.73 
1 Gradient Series (Decreasing) Project 3 
*-$100 
$70 $60 $50 1 2 3 Gradient Series (Increasing) Project 4 
4.-$100 
Figure 3 - 1 2 . Cash-Flow Patterns and Project Balance Patterns for Projects 1 , 2 , 3 and 4 
o 
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Figure 3 - 1 3 . Relationship between APB and ANB for Dif ferent 
Cash Flow Patterns 
3 . 1 . 2 . 5 Discriminating A b i l i t y — I r r e g u l a r Cash Flow Payments. In 
the previous sec t ion , i t was shown that the project balance parameters 
can provide information regarding the shape of cash flow patterns without 
l o s s of any information when the projec t s have regular , periodic payment 
cash f lows . Although a large portion of a l l investment proposals can be 
approximated by one of the regular periodic payment cash flows as mentioned 
in Section 3 . 1 . 2 . 4 , i t i s a l so poss ib le to imagine that some proposals do 
not belong to any c las s of regular periodic payment cash f lows. When th i s 
i s the case , the proposals 1 cash flows are said to be irregular periodic 
payment cash f lows. 
I t i s true that even when projec t s have irregular periodic payment 
cash f lows, the area under the projec t balance pattern s t i l l can be an 
adequate time-dependent measure of investment worth as compared with the 
unrecovered balance. There are two reasons for supporting the argument. 
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F i r s t , when the cash flow does not meet the requirement of Assump­
tion 3 in Section 3 . 1 . 2 . 2 (for example, when the cash flow cons i s t s of 
e i ther a l l rece ipts or a l l disbursements with the i n i t i a l rece ipt or d i s ­
bursement occurring at the beginning of year 1 ) , a meaningful rate of 
* 
return ( -1 < i < °°) may not e x i s t for the type of cash f low. I f th i s i s 
the case , i t i s not poss ib le to compute the unrecovered balances for th i s 
type of i rregular periodic payment cash flow. 
The second reason would be that there may be mult ip le rates of r e ­
turn for the type of cash f low of Project Fl in Figure 3 - 1 4 . When the 
proposal has mult iple rates of return, i t i s not c lear which rate of return 
should be used in the computation of the unrecovered balances for the 
p r o j e c t . However, the projec t balance method u t i l i z e s a s ing le predeter­
mined in teres t rate to compute the projec t balances at each point in time 
so that a unique projec t balance pattern w i l l always resu l t for any type 
of i rregular periodic payment cash flow. 
To examine the e f f e c t s of the irregular cash flows on the project 
balance pattern, consider a proposal which does not meet the requirement 
of Assumption 3 in Section 3 . 1 . 2 . 2 as shown in Figure 3-14 (Project F l ) . 
Project Fl v i o l a t e s the basic assumption because the p r o j e c t ' s cash flow 
does not have a s ing le i n i t i a l disbursement or a s er i e s of disbursements 
followed by a ser i e s of r ece ip t s . In other words, Project Fl has another 
disbursement occurring at the end of year two, where there i s a p o s i t i v e 
rece ipt occurring at the end of year one for the same proposal . I s there 
any d i f f i c u l t y in summarizing the project balance pattern by ANB and APB 
for th i s type of proposal? 
To answer the question above, consider the fol lowing two investment 
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s i tuat ions shown in Figure 3 - 1 4 . Project FI does not resemble any cash 
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Figure 3 - 1 4 . Cash Flow Diagrams for Projects FI and F2 
$19 
t 
Area transformation in Figure 3-15 indicates no preference between 
Project FI and Project F2. However, the project balance pattern for 
Project FI indicates that Project F2 recovers more than i t s i n i t i a l inves t ­
ment by the end of year one. However, i t requires an addit ional investment 
in year two such that i t s p r o f i t accumulation rate becomes negative at the 
end of year two. For Project F2, i t may take two years to recover i t s 
i n i t i a l investment, but once recovered, i t s pro f i t accumulation i s increas ­
ingly p o s i t i v e for the remainder of i t s l i f e . However, the preferred 
project cannot be e a s i l y determined by only examining both of the projec t 
balance patterns . 
When a poss ib le project abandonment opportunity i s considered at 
the end of year one, Project FI would be preferred because Project FI w i l l 
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Project Fl Project F2 
30 
1 1 0 
#1 2 3 
CO 
-10 
ANB = 110 
APB = 40 
FW(10%)= $30 
•H CO 
- 1 0 0 
ANB = 110 
APB = 40 
FW(10%)= $30 
- 1 0 0 
Figure 3 - 1 5 . Project Balance Patterns for Project Fl and F2 
f u l l y recover i t s i n i t i a l investment plus in teres t by that time, while 
Project F2 w i l l not (see a discuss ion regarding abandonment decis ions in 
[ 8 2 ] ) . Thus, the project balance indicates for Project Fl that there 
would be l i t t l e l o s s in f i n a l p r o f i t a b i l i t y with premature termination. 
This type of information would be l o s t by summarizing the project balance 
charac ter i s t i c s as ANB and APB. However, the projec t abandonment oppor­
tunity i s not considered in th i s study; consequently, such a l o s s of 
information in the process of area transformation would not reduce the 
discriminat ing a b i l i t y of the projec t balance as a time-dependent measure 
of investment worth. 
3 . 2 Parameters to Be Used in the Measure of 
Uncertainty Resolution 
As pointed out in the beginning of th i s chapter, the purpose of 
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this research is to explore ways of dealing with the concept of uncertainty resolution in the capital budgeting decision process. In particular, the purpose of this chapter is to examine time-dependent measures of invest­ment worth which provide information necessary to measure uncertainty resolution in Chapter IV. 3.2.1 The Implications of the Two Parameters [ s N ( i) and Q] In Section 3.1.2, a time-dependent measure of investment worth which reflects the shape of the cash flow pattern (the concept of project balance) was introduced. It was also shown that this measure provides information (ANB and APB) in addition to the terminal profitability of an investment. It was also observed that this measure provides information regarding the discounted payoff period (Q). However, with the four information elements available, it becomes evident that to measure uncertainty resolution only two information elements (ANB and APB) reflect the changes in the shape of cash flow pattern with relative sensitivity. Van Home uses the terminal profitability as a basis to measure uncertainty resolution [95]. The difficulty of using terminal value as a basis for measuring uncertainty resolution In Van Home's formula already has been discussed in Chapter II. The parameter S^(i) is not utilized as a basis to measure uncertainty resolution in this study. However, as will be seen in Chapter V, this information is incorporated into the development of the PB criterion as a normalizing factor. The use of Q alone (discounted payoff period) as a basis to measure uncertainty resolution also fails to recognize the cash flow pattern even though it generally reflects the magnitude of cash flows in its earlier life of the proposal. Without considering the time value of money (i=0), 
66 
the measure based on the payoff period i s exact ly equivalent to Weingartner T s 
approach, which a l so was discussed in Chapter I I . Even for i greater than 
zero , a s imi lar d i f f i c u l t y associated with Weingartner 1 s measure w i l l be 
found (see Section 2 . 3 . 1 ) . 
The d i f f i c u l t y associated with using S N ( i ) or Q as a bas is to measure 
of uncertainty reso lut ion can be e a s i l y understood from Figure 3 - 1 2 . As an 
example, consider Projects 2 and 3 in Figure 3 - 1 2 . Projects 2 and 3 have 
the same terminal p r o f i t a b i l i t y with the same time period to recover their 
i n i t i a l investment a t two years . However, Project 2 d i f f e r s from Project 3 
in that Project 3 has a decreasing ser ies of cash f lows, while Project 2 
has a uniform ser ies of cash f lows. This d i f ference in cash flow pattern 
i s r e f l ec t ed in the computation of the ANB for each project ( ^ N B p r o j e c t 2 
• 1 5 0 . 6 4 , ANB„ . ^ 0 = 1 4 1 . 2 7 ) ; in turn, a fas ter recovery of i t s i n i t i a l Project 3 J 
investment i s indicated for Project 3 than for Project 2 . 
3 . 2 . 2 Two Parameters (ANB and APB) as a Basis 
for Measuring Uncertainty Resolution 
As seen in Section 3 . 2 . 1 , only two pieces of information obtained 
from the projec t balance pattern can be u t i l i z e d e f f e c t i v e l y as a bas i s 
for measuring uncertainty reso lut ion . The parameters, ANB and APB, do 
r e f l e c t the shape of cash flow patterns more accurately than do the other 
two parameters. When ANB and APB are u t i l i z e d separately as a bas i s for 
measuring uncertainty reso lu t ion , i t i s poss ib le to generate two d i f f erent 
information elements regarding uncertainty reso lut ion about the same 
proposal . 
A measure of uncertainty reso lut ion based upon ANB s t a t i s t i c s would 
provide information regarding the rate at which the f i rm's uncertainty 
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about the p r o f i t accumulation toward the expected terminal p r o f i t i s r e ­
solved through time. These two measures provide d i f f erent types of inform­
ation regarding the d e s i r a b i l i t y of a proposal as a function of time. This 
information should be evaluated in the l i g h t of the f i rm's future inves t ­
ment opportuni t ies . 
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CHAPTER IV 
MEASURE OF UNCERTAINTY RESOLUTION BASED 
ON PROJECT BALANCE 
In Chapter I I , i t was pointed out that the use of terminal value 
as a measure of investment worth f a i l s to consider f u l l y the shape of the 
cash flow pattern over the project l i f e and therefore cannot be used as 
a bas i s for measuring uncertainty reso lut ion . Thus, in Chapter I I I , a 
new measure of investment worth which r e f l e c t s the r e l a t i v e magnitude of 
the cash f low pattern over time was presented; as a r e s u l t , the project 
balance concept was introduced and i t s uniqueness as compared to the 
t r a d i t i o n a l measures of investment worth was discussed. 
As a s t a t i s t i c a l measure of uncertainty reso lut ion in the evalua­
t ion of both s ing l e r isky investments ( p r o b a b i l i s t i c cash flows) and in 
p o r t f o l i o s of r i sky investments, the coe f f i c i en t of var ia t ion approach 
based on terminal value has been u t i l i z e d [ 9 5 ] . Since the projec t balance 
provides more information about the nature of cash flow streams over time, 
the measure of uncertainty reso lut ion based on the c o e f f i c i e n t of var ia t ion 
when the terminal value i s replaced by projec t balance i s explored f u l l y 
in th i s chapter. Thus, th i s chapter begins with a discuss ion of Van Home's 
measure of uncertainty reso lut ion and examines how the project balance can 
be incorporated with the concept of uncertainty reso lu t ion . 
The l imi ta t ions of using the coe f f i c i en t of var ia t ion as a measure 
of uncertainty resolut ion are discussed and the concept of the expected 
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gain confidence l imi t [3] i s introduced as a means of overcoming th i s 
measure f s d e f i c i e n c i e s . Formally, a measure of uncertainty reso lut ion 
based on the project balance with the expected gain confidence l imi t c r i ­
ter ion i s developed and compared with a measure of uncertainty reso lut ion 
based on the coe f f i c i en t of var ia t ion using project balance. 
4 . 1 Coef f ic ient of Variat ion as a Measure 
of Uncertainty Resolution 
Van Home [95] appears to have been the f i r s t to propose an e x p l i c i t 
measure for the reso lut ion of uncertainty. His methodology i s to use the 
c o e f f i c i e n t of var ia t ion as a s t a t i s t i c a l measure of uncertainty reso lut ion 
over time (see Section 2 . 3 . 2 ) . Therefore, the coe f f i c i en t of var iat ion at 
each point in time serves as a r e l a t i v e measure of project v a r i a b i l i t y as 
time passes and the uncertain future cash flows are rea l i zed . The use of 
the c o e f f i c i e n t of var iat ion i s tantamount to assuming the standard devia­
t ion of the probabi l i ty d i s t r ibut ion of net present values as an appro­
pr ia te measure of r i s k . 
In Section 4 . 1 . 1 , an analys i s of Van Home's method of deal ing with 
uncertainty reso lut ion for a s ing le investment i s presented. Since the 
project balance provides more information about the nature of cash flow 
streams over time, the reso lut ion index based on the c o e f f i c i e n t of v a r i ­
at ion using project balance i s explored in Section 4 . 1 . 2 . The weakness 
of using the coe f f i c i en t of var ia t ion as a s t a t i s t i c a l measure of uncer­
ta inty resolut ion i s presented in Section 4 . 2 . 
4 . 1 . 1 Van Home's Measure of Uncertainty Resolution 
In measuring the expected reso lut ion of uncertainty, Van Home pro­
poses the fol lowing s t a t i s t i c as an approximate method of determining 
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r e l a t i v e uncertainty at a moment in time t 
C V t = CTt^E ( N P V ) ( 4 " 1 ) 
where a represents the "weighted" standard deviat ion of the various 
branches of the probabi l i ty tree at the end of period t , and E(NPV) stands 
for the expected value of net present value at time 0. Thus, the term 
CV t represents an "average" c o e f f i c i e n t of var ia t ion at each point in time. 
To i l l u s t r a t e Van Vorne's measure, the example introduced in Section 
2-3 i s reintroduced. I f the firm uses a discount rate of 10% in the apprai­
s a l of c a p i t a l investments, the corresponding probabi l i ty tree discounted 
back to time t =- 0 using the discount rate would be as shown in Figure 4 - 1 . 
Since the various payments are converted to the ir equivalents at the 
present , i t i s poss ib le to determine the t o t a l present equivalent amount 
by d i rec t addi t ion . Thus, Figure 4 - 1 can be transformed into a probabi l i ty 
tree with net discounted cash flows occurring only at the branch t ips in 
the terminal period (see Figure 4 - 2 ) . 
As demonstrated by Bierman and Hausman [ 8 ] , the actual reso lut ion 
of uncertainty i s ident i ca l in the two probabi l i ty trees shown in Figure 
4 - 1 and Figure 4 - 2 . Further, Bierman and HausmanTs approach i s a more 
e f f i c i e n t way to compute the same values of CVfc than the one proposed 
i n i t i a l l y by Van Home. Thus, the former approach i s adopted in th i s 
presentat ion. 
The expected value of net present value of the project and variance 
associated with th i s example would be computed as fo l lows: 
71 
i = 10% $52 .89 
$61 .98 
Net Present Worth 
i = 10% - $ 3 8 . 2 
t = 0 t = 1 
$49 .59 
t = 0 t = l t = 2 
Figure 4 - 1 . Discounted Probabi l i ty 
Tree - Van Home's 
Example 
Figure 4 - 2 . Alternate Probabi l i ty 
Tree Suugested by 
Bierman and Hausman 
E(NPV)Q = ( - 3 8 . 0 2 + 9 .09 + 61 .98 + 4 9 . 5 9 ) ( . 2 5 ) = 2 0 . 6 6 
VAR(NPV)0 -= ( - 3 8 . 0 2 - 2 0 . 6 6 ) 2 ( . 2 5 ) + ( 9 . 0 9 - 2 0 . 6 6 ) 2 ( . 2 5 ) 
+ (61 .98 - 2 0 . 6 6 ) 2 ( . 2 5 ) + ( 4 9 . 5 9 - 2 0 . 6 6 ) 2 ( . 2 5 ) 
« 1530 .37 
CV « / 1 5 3 0 . 3 7 / 2 0 . 6 6 - 1 .8935 o 
For t - l , f i r s t compute the condit ional variances associated with Node 11 
and Node 12 : 
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* ( - 3 8 . 0 2 - ( - 1 4 , 4 6 5 ) ) 2 ( . 5 ) + ( 9 . 0 9 - ( - 1 4 , 4 6 5 ) ) 2 ( . 5 ) 
« 554 .838 
Q l l * ( 6 1 ' 9 8 ~ 5 5 . 7 8 5 ) 2 ( . 5 ) + ( 4 9 . 5 9 - 5 5 . 7 8 5 ) 2 ( . 5 ) 
- 38 .378 
Then, the weighted condit ional variance at time t = 1 w i l l be 
VAR(NPV)1 = O ^ C - 5 ) + ^ 2 2 ( . 5 ) 
- ( . 5 ) ( 5 5 4 . 8 3 8 ) + ( . 5 ) ( 3 8 . 3 7 8 ) = 296 .608 
so that CV - / 2 9 6 . 6 0 8 / 2 0 . 6 6 = .8336 
F ina l ly for t = 2 there i s no remaining uncertainty. That i s , the uncer­
ta inty ar i s ing from the delayed knowledge of the outcome for a proposed 
investment projec t would be completely resolved at the end of the project 
l i f e . Thus at time t = 2,VAR(NPV) 2 = 0 and therefore CV £ = 0 . 
Given the CV for an investment p r o j e c t , Van Horne argues that the 
expected reso lut ion of uncertainty for that project can be approximated 
simply by p lo t t ing the CV over time. This i s done in Figure 4-3 for the 
numerical example above. Since CV represents a decreasing function over 
t ime, and as stated previously , the major uncertainty concerning the $100 
cash flow i s resolved by period t = 1 , Van Home's measure seems to 
accurately r e f l e c t the reso lut ion of uncertainty for th i s example. 
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2.0 
0 1 2 Time t 
Figure 4-3. Van Home's Uncertainty Resolution Measure 
4.1.2 Coefficient of Variation as a Measure of Uncertainty Resolution When Terminal Value Is Replaced by Project Balance It was shown in Section 3.1.2 that the project balance provides more information about the nature of a proposal's cash flow stream than the terminal value used as a measure of economic desirability. Since Van Home's CV^ (V-H's CV )̂ Is based on terminal value and does not consider the shape of the cash flow pattern, it is of interest to examine how the use of the project balance concept would eliminate the deficiency of Van Home's approach as observed in Section 2.3.2. When the coefficient of variation is used as an index to measure the rate at which uncertainty about the cash flows is resolved through time (such as proposed by 
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Van Horne), the fol lowing steps would be required to compute the CV t 
s t a t i s t i c s : 
Procedures to Compute CV^ S t a t i s t i c s Based on Project Balance 
Step 1: Compute the project balance at each point in time for each 
branch of the probabi l i ty t ree . 
Step 2: Compute the ANB and APB for each branch of the probabi l i ty t ree . 
Step 3: Transform the or ig ina l probabi l i ty tree into two separate 
probabi l i ty trees with the area values (one for ANB and the 
other for APB) at each branch t ip 
Step 4: Compute the CV.. s t a t i s t i c s for the probabi l i ty tree with area 
values with respect to ANB and APB as shown in Section 4.1. 
To i l l u s t r a t e the procedure outl ined above, consider Projects PI 
and P2, which require the same i n i t i a l investment of $100. Further, they 
have probab i l i ty d i s t r ibut ions of net present worth with ident i ca l expected 
net present worths and ident i ca l variances , using a r i s k - f r e e discount 
ra te of 10%. A r i s k - f r e e discount rate i s defined as an in teres t rate 
which does not consider the e f f e c t s of r i s k on present value of a stream 
of uncertain returns in the time discounting process . The r i s k - f r e e rate 
i s used as the discount rate in th i s study because to include a premium 
for r i s k in the discount rate would resu l t in double counting with respect 
to the evaluation of r i s k ( v a r i a b i l i t y ) . 
E [ N P V ] p l = E [ N P V ] p 2 - $15 
a2[NPV]pl - a2[NPV]p2 = 127.24 
75 
Figure 4 - 4 . Probabi l i ty Trees Associated with Proposals PI and P2 
Step 1: By u t i l i z i n g Equation 3-3 through Equation 3-6, the project 
and 
Step 2 balances associated with each branch of the probabi l i ty tree for 
each a l t ernat ive are computed as shown in Table 4 -1 and the ir 
projec t balance patterns are plotted in Figure 4 - 4 . 
Table 4 - 1 . Project Balance at Each Point in Time ( S t ( i ) ) 
For Projects PI and P2 
>' 1 ' 
Branch 
No. P r o w l - P i M*> i - 1 0 % 
t = 0 t = 1 t = 2 ANB APB 1 -100 -10 12.10 110 12.10 2 -100 -10 0 110 0 3 -100 10 100 . Yi6.3Q-4 -100 10 24.20 mo . 34.70 , Branch 
No. 
t = 0 t = 1 t = 2 ANB APB 1 -100 - 6 0 0 160 0 2 -100 -60 1 2 . 1 0 i un­ i?.in-3 -100 5 24.20 ion ?Q ?n 4 -100 5 36.30 100 42.30 
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Step 3 : By representing the ANB and APB associated with each a l t ernat ive 
as a probabi l i ty tree with the area values at the branch t i p s , 
the probabi l i ty trees shown in Figure 4-5 are obtained. 
Step 4: From appl icat ion of Van Home's method, which i s outl ined in 
Section 4 .1 , CV s t a t i s t i c s for the ANB and APB are computed 
and summarized in Table 4-2. 
Table 4 - 2 . CV t S t a t i s t i c s for ANB, APB and V-H 
For Projects PI and P2 





V-H Proiect Balance 
* 
V-H 
ANB APB Terminal 
Value(S N ) 
ANB APB Terminal 
Value(S ) 
0 .0476 .7835 .7454 .2308 .7653 
Vi 
.7454 
1 0 .3457 .7454 0 .2930 .7454 
2 
« 
0 0 0 0 0 0 
Van Home' s Resolution Index 
As an i l l u s t r a t i o n , the C V t ' s for the ANB of Project PI are com­
puted as fo l lows: From the probabi l i ty tree associated with 
APB for Project PI in Figure 4 - 6 , 
For t = 0, E[ANB]Q = 110(.25) + 110(.25) + 100(.25) + 100(.25) 
= 52.5 
Project PI i = 10% 
Figure 4 - 5 . Project Balance Patterns Associated Figure 4 - 6 . Transformed Probabi l i ty Trees 
with Projects PI and P2 Associated with Projects PI 
and P2 Based on ANB and APB -̂ i 
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Q2[ANB]Q = (110-52.5) 2 ( .25) + (110-52.5) 2 ( .25) 
+ (100-52.5) 2 ( .25) + (100-52.5) 2 ( .25) 
= 6.245 
CVQ = (Q 2 [ANB ] ) J VE[ANB] 0 = .0476 
For t = 1, f i r s t compute the condit ional variances with 
Node and Node 
a2[ANB]l;L = (110-110) 2(.25) + (110-110) 2 (.25) = 0 
(s ince E[ANB]^ = 110) 
a2[ANB]12 = (100-100) 2 ( .5) + (100-100) 2 ( .5) = 0 
(s ince E f̂ANB] = 100) 
Then, the weighted condit ional variance at time t = 1 w i l l be 
a 2[ANB] = a 2 1 ( . 5 ) + a 2 2 ( . 5 ) = 0 
- 2 
so that C V = (ojANB]) 2/E[ANB]Q = 0 
F i n a l l y , there i s no remaining uncertainty; thus CV^ = 0. 
The values of CV over time are presented in Figures 4-7 and 4-8. 
In Figure 4-7, the expected reso lut ion of uncertainty based upon the termi­
nal p r o f i t a b i l i t y (V-H index) indicates that there has been no reso lut ion 
of uncertainty between period t = 1 and period t ~ 2. Since E[NPV]p̂  = E[NPV]p2, a2[NPV]pl = a2[NPV]p2 and V-H CVtjP1 = V-H CV 2 for all t , 
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Figure 4 - 7 . Van Home's Resolution Index for 
Project PI and Project P2 
I t i s c lear from Figure 4-8 that computations obtained from CV^ based on 
project balance indicate that Project PI would be preferred i f the recov­
ery of the i n i t i a l investment of a projec t i s a primary concern. This 
i s because the smaller the c o e f f i c i e n t of var iat ion for a project the 
l e s s r i s k i t has according to the de f in i t i on ( for t = 0 , CV^[ANB] p^ = 
.0476,CVj^EANB] p 2 = . 2 3 0 8 ) . Otherwise Project P2 would be des irable i f 
the ra te of p r o f i t accumulation i s of utmost in teres t ( for a l l t , 
C V t [ A P B ] p l > C V t [ A P B ] p 2 ) . In addi t ion , Figure 4-8 a l so indicates that 
uncertainty about negative projec t balance of e i ther projec t would be 
completely resolved at the end of year one. Once the i n i t i a l investment 
i s recovered and p r o f i t s begin to accumulate (see Figure 4 - 5 ) , then 
Project P2 would have l e s s var iat ion about the antic ipated r e a l i z a t i o n 
of future cash flows occurring at the end of year two. Thus, in th i s 
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Figure 4 - 8 . Resolution Indexes Based on Project Balance 
for Project PI and Project P2 
example, the coe f f i c i en t of var iat ion using project balance rather than 
terminal value seems to r e f l e c t the way that the uncertainty about the 
projec t i s reduced as i t s future outcomes are rea l i z ed . The reason for 
th i s i s that project balance provides more information about the nature 
of a proposal ' s cash f low stream ( i . e . , i t I s s e n s i t i v e to changes in 
cash flow p a t t e r n ) . 
In the previous example, i t was shown that the competing projec t s 
2 
have the same E(NPV) and a (NPV) with the ident i ca l pattern of uncertainty 
reso lut ion for Van Home's methodology. However, with project balance 
subst i tuted in Van Home's method, i t i s seen that the way uncertainty i s 
resolved i s d i f f erent for the two p r o j e c t s . 
Counter-examples are a l so poss ib le where under Van Home's method­
ology the uncertainty reso lut ion propert ies V-H's CV t favor one project 
over another while the project balance approach would provide ident i ca l 
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uncertainty reso lut ion charac ter i s t i c s (both ANB and APB). However, 
these l a t t e r s i tuat ions are l e s s l i k e l y to occur than the previous s i t u ­
a t ions , as evidenced in Appendix B. 
As shown in the example (Figure 4 -4 ) and in Appendix B, the weak­
ness of Van Home's measure becomes evident. Therefore, when the 
c o e f f i c i e n t of var ia t ion i s se lected as a measure of uncertainty r e s o l u ­
t ion , the CV t s t a t i s t i c s based on project balance serve as a more 
discriminating measure of uncertainty resolut ion as compared with the 
CV t s t a t i s t i c s based on terminal value ( i . e . , Van Home's measure). 
4 . 2 The D i f f i c u l t y of Using the Coeff ic ient of Variat ion 
as a S t a t i s t i c a l Measure of Uncertainty Resolution 
In the previous sec t ion , some d i f f i c u l t i e s with Van Home's CV 
were i l l u s t r a t e d and for those cases , use of ANB and APB worked n i c e l y . 
However, i t would be poss ib le to have some examples where Van Home's 
method works bet ter than ANB and APB, but those cases were "unlikely" 
to occur. Thus, the idea i s that the basis to be used in the computation 
of CV t s t a t i s t i c s would be project balance rather than terminal value . 
As shown in Equation 4 - 1 the use of coe f f i c i en t of var ia t ion assumes 
standard deviat ion as a measure of absolute v a r i a b i l i t y . Standard devia­
t i o n , however, has several weaknesses as a measure of v a r i a b i l i t y , as d i s ­
cussed by Levy [ 5 3 ] . Therefore, the coe f f i c i en t of var iat ion inherently 
reveals the weaknesses s imilar to those of the standard deviat ion. 
In Section 4 . 2 . 1 , the problems associated with using the coe f f i c i en t 
of var iat ion as a time-dependent measure of uncertainty reso lut ion are 
presented. A discussion of the def ic iency of standard deviat ion as a 
measure of v a r i a b i l i t y fol lows in Section 4 . 2 . 2 . The advantage of 
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u t i l i z i n g the expected gain confidence l imi t proposed by Baumol [3] over 
the standard deviat ion as a measure of v a r i a b i l i t y a l so i s discussed. 
4 . 2 . 1 Problems Associated with Using the Coeff ic ient of Variat ion in the 
Measure of Uncertainty Resolution 
As shown by Equation 4 - 1 , the coe f f i c i en t of var ia t ion i s a measure 
of r e l a t i v e dispers ion derived by dividing the standard deviat ion of a 
se t of numbers by the arithmetic mean of the s e t . In other words, th i s 
measure considers a l l v a r i a b i l i t y as adverse v a r i a b i l i t y . In f a c t , th i s 
impl icat ion i s not acceptable to most r i sk -aver ters because as a measure 
of d ispers ion i t implies to them that deviat ions below expected value are 
of no greater concern than deviat ions above expected va lue . Thus, the 
most s i gn i f i cant weakness of the CVfc i s the fac t that i t uses the standard 
deviat ion in i t s numerator and i t therefore does not d i s t inguish between 
p o s i t i v e and negative v a r i a t i o n s . 
To i l l u s t r a t e the def ic iency of using the c o e f f i c i e n t of var ia t ion 
as a time-dependent measure of uncertainty reso lu t ion , consider the proba­
b i l i t y trees shown in Figure 4 - 9 . In Figure 4 -9 Projects A^ and require 
an i d e n t i c a l i n i t i a l investment of $100 with a three-year serv ice l i f e . 
By computing the expected net present worth and the variance about the 
mean for each p r o j e c t , i t i s observed that each projec t has the same 
expected net present value of $16 and the same dispers ion about the mean, 
VAR(NPV) = 5 0 4 , using a r i s k - f r e e in teres t rate of 10%. The project 
balance determined by Equation 3-3 at each point in time for each branch 
i s summarized in Tables 4-3 and 4 - 4 , and plot ted in Figure 4 - 1 0 . By trans­
forming each p r o j e c t ' s or ig ina l probab i l i ty tree into one with ANB and 
APB occurring only at the branch t i p s in the f i n a l per iod, the probab i l i ty 
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Figure 4 - 1 0 . Project Balance Patterns Associated with Each Branch 
of the Probabi l i ty Trees for Projects Al and A2 
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t = 0 t = 1 t = 2 t = 3 
'3 
ANB APB 
1 - 1 0 0 - 5 5 0 53 .24 155 53 .24 
2 - 100 - 5 5 0 0 155 0 
3 - 1 0 0 -55 24 .20 106 .48 179 .20 1 0 6 . 1 8 
4 -100 - 5 5 - 2 4 . 2 0 - 5 3 . 2 4 232.44 0 
5 - 100 0 1 2 . 1 0 26 .62 100 38 .72 
6 - 1 0 0 0 1 2 . 1 0 13 .31 100 25 .41 
7 - 1 0 0 0 2 4 . 2 0 39 .93 100 64 .13 
8 - 1 0 0 0 2 4 . 2 0 0 100 24 .20 
Table 4 - 4 . Project Balance at Each Point in Time ($) (Project A2) 
Branch 
No t = 0 t = 1 t = 2 t = 3 ANB APB 
1 -100 -88 - 4 8 . 4 0 53 .24 236 .40 53 .24 
2 - 1 0 0 - 8 8 - 4 8 . 4 0 o 236.40 
3 - 100 - 8 8 - 6 0 . 5 0 106 .48 248 .5 106 .48 
4 -100 -88 - 6 0 . 5 0 - 5 3 . 2 4 301 .74 0 
5 -100 -77 - 7 2 . 6 0 26 .62 ? 4 9 . 6 ?fi 6? 
6 - 100 - 7 7 - 7 2 . 6 0 1 3 . 3 1 249 .6 1 3 . 3 1 
7 - 1 0 0 - 7 7 - 6 0 . 5 0 237 .^ • 39 .91 • 
oo - 1 0 0 - 7 7 - 6 0 . 5 0 0 237 .5 0 
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trees shown in Figure 4-11 are obtained. 
Project Al 
ANB APB 














2 3 7 . 5 
APB 
5 3 . 2 4 
Figure 4 - 1 1 . Transformed Probabi l i ty Trees for ANB and APB 
(Projects Al and A2) 
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Once a probability tree is transformed, application of Van Home's method (V-H's CVt>, which is outlined in Section 4.1.1, would yield the following average coefficients of variation over time for ANB and APB probability trees, respectively. As shown in Table 4-5, Van Home's meas­ure indicates that both projects have the same pattern of uncertainty resolution. Further, the expected resolution of uncertainty based upon the terminal value fails to note any change in uncertainty from t = 1 to t - 2 . This situation will occur whenever the nodes have identical condi­tional expected returns. Since E(NPV)A1 = E(NPV)A2 and VAR(NPV)A1 = VAR(NPV)A2> it may be said that projects Al and A2 would be equally desir­able when evaluated by Van Hornefs criterion. 
Table 4-5. Resolution Index Based on Coefficient of Variation 
Proiect Al Project A2 Project lance V-H CVt Project Balance V-H CVC TIME ANB APB 
TERMINAL PROFIT ANB APB 
TERMINAL PROFIT 
0 .3027 .6348 1.4031 .0573 1.0482 1.4031 1 .1218 .6346 1.3975 •0538 .9938 1.3975 2 .0725 .5991 1.3975 .0342 .9623 1.3975 3 0 0 0 0 E[ANB] = 116.082 E[ANB] ^245.992 E[APB] = 38,478 E[APB] = 23.958 E(NET PRESENT VALUE = $16.0 E(NET PRESENT VALUE) = $16.0 
On the other hand, computations obtained from application of the project balance in the CV indicate that Project A2 would be preferred 
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over Project Al when negative project balance s o l e l y i s considered (See 
Figure 4 - 1 2 ) , while project Al would be preferred over Project A2 when 
p o s i t i v e project balance only i s of concern (See Figure 4 - 1 3 ) . This i s 
because the smaller the coe f f i c i en t of var iat ion a project has, the l e s s 
r i s k i t has , according to the d e f i n i t i o n . However, a careful examination 
of Figure 4 -10 reveals that most of the uncertainty concerning Project A l ' s 
negative projec t balance would be resolved at the end of year two, while 
uncertainty about Project A 2 f s negative project balance would not be 
resolved u n t i l the end of year three . In f a c t , in terms of negative p r o j ­
ect balance, Project Al would be the safer one to undertake as compared 
with Project A2. However, the reso lut ion index as measured by the c o ­
e f f i c i e n t of var ia t ion as shown in Figure 4-12 does not properly reveal 
the information contained in the probabi l i ty tree shown in Figure 9 -9 . 
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Figure 4 - 1 3 . Uncertainty Resolution Patterns of 
APB for Projects Al and A2 
I t must be understood that the def ic iency shown in the previous example 
i s not a t t r ibutab le to the use of project balance in l i e u of terminal 
value in the computation of CV^ s t a t i s t i c s . In other words, the same 
def ic iency w i l l be observed whenever the coe f f i c i en t of var ia t ion i s 
u t i l i z e d as a measure of uncertainty reso lut ion based on e i ther terminal 
value or project balance. The reason for th i s re su l t i s discussed in the 
fol lowing sect ion. 
4 . 2 . 2 The Limitations of CV^ as a Measure of V a r i a b i l i t y 
The l i m i t a t i o n of using CV^ as a measure of v a r i a b i l i t y ( r i sk ) can 
be i l l u s t r a t e d by considering the fol lowing two investment p r o j e c t s , which 
have the expected net present values and standard deviat ions shown in 
90 
Table 4-6. I f the dec is ion maker evaluates investment proposals on the 
bas i s of information about the expected value and dispers ion of the prob­
a b i l i t y d i s t r ibut ions of poss ib l e future cash f lows, then the coe f f i c i en t 
of var ia t ion would serve as a r e l a t i v e measure of the degree of 
uncertainty . In Table 4-6 the c o e f f i c i e n t of var iat ion for Project X2, 
0.26, i s greater than that for Project XI, 0.25. According to t h i s d e f i ­
n i t i o n , i t would be said that Project X2 had the greater degree of 
uncertainty . 
Table 4-6. Probab i l i s t i c Data of Project XI and Project X2 
PROJECT XI PROJECT X2 E[NPV] ($) 800 1,500 0 200 400 C V ( " E[NPV] } .25 .26 
E + 30 1,400 2,700 
E + 2a 1,200 2,300 
E + a 1,000 1,900 E 800 1,500 
E - a 600 1,100 
E - 2a 400 700 
E - 3a 200 300 
To f a c i l i t a t e the d i scuss ion , assume that the bas ic random variable 
(the return on the investment) for the given example i s normally 
d i s t r i b u t e d . Then, the probabi l i ty d i s t r ibut ion of net present value for 
Projects XI and X2 would be depicted in Figure 4-14. Then i t can be said 
that there i s only about a 16% probabi l i ty that the rea l ized return w i l l 
ever f a l l below E - a, only a 2% probabi l i ty that i t w i l l ever be lower 
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Net Present Value 
Figure 4-14. Probabi l i ty Dis tr ibut ions of Net Present 
Values for Project XI and Project X2 
than E - 2a, no more than 0.1% probabi l i ty that i t w i l l f a l l below E - 3a, 
and so on. In the example above, for the worst ant ic ipated outcome asso­
ciated with X2, E - 3a - 300 i s s t i l l be t ter than the corresponding out­
come associated with XI (E - 3a - 200). Now i t may wel l be questioned 
whether anyone would s t i l l choose Project XI simply because i t has a 
r e l a t i v e l y lower degree of v a r i a b i l i t y as compared with Project X2. The 
d i f f i c u l t y i s that O i s not , per s e , an adequate measure of r i s k , for i t 
t reats with indif ference po tent ia l outcomes f a l l i n g above E and those 
f a l l i n g below E. However, by d e f i n i t i o n , the c o e f f i c i e n t of var iat ion 
uses the standard deviat ion in i t s numerator and i t therefore does not 
d i s t inguish between p o s i t i v e and negative var ia t ions . In other words, 
the coe f f i c i en t of var ia t ion would not be an appropriate measure of the 
uncertainty faced by the inves tor . 
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4.2.3 The Expected Gain Confidence Limit as a Measure of Variability As mentioned in Chapter II, the use of variance as a measure of risk treats with indifference potential outcomes above and below the expected value. Thus, a modified version of the measure is proposed by Baumol, which is referred to as the expected gain confidence limit criterion (EGCL) [3]. This supplementary measure takes the form of L - E - 6<J where E and a stand for the expected value and standard devia­tion of the net present value about the mean of an investment proposal, and 6 is a parameter which represents the degree of risk aversion of the decision maker. Here, L is said to be the critical point on which an investment decision should be based. As discussed in Section 2.2.1, this point of view on risk is somewhat the way businessmen define risk. There­fore, in this study the concept of the expected gain confidence limit criterion is adopted as a means of overcoming the deficiencies associated with using the coefficient of variation as a measure of uncertainty resolution. Consequently, in Section 4.3, a measure of uncertainty reso­lution based on the expected gain confidence limit criterion will be developed. 
4.3 Measure of Uncertainty Resolution Based on the Project Balance with the Expected Gain Confidence Limit Criterion It is shown in Section 4.2 that the use of the coefficient of vari­ation as a measure of uncertainty resolution has limitations so that it does not properly reveal how uncertainty about the project is reduced as its future outcomes are realized. The most significant weakness of the CVt is the fact that it uses the standard deviation in its numerator and it therefore does not distinguish between variations on the up and the 
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down side. In particular, since the CVfc is a ratio index the absolute magnitude of uncertainty is not properly revealed. In order to appreciate the advantage of the expected gain confi­dence limit criterion (EGCL), the basic concept of the EGCL is formally discussed in Section 4.3.1. Since the EGCL recognizes the absolute magni­tude of variability, it is in this spirit that a measure of uncertainty resolution for ANB and APB based on the EGCL is presented in Section 4.3.2, and compared with a measure of uncertainty resolution based on the CVfc using project balance in Section 4.3.3, respectively. In this presentation, the decision maker is assumed to be risk averse. As discussed in Section 3.1.2.2, the decision maker who is risk averse will prefer a project whose ANB is smaller or whose APB is larger if other things are equal. Therefore, in terms of variability, the deci­sion maker will be concerned more about the variability in down side for the APB and the variability in up side for the ANB. Accordingly, two different schemes of expected gain confidence limit criterion are utilized in this study to place confidence limits in the measurement of variabili­ties of the statistics (ANB and APB). 4.3.1 Expected Gain Confidence Limit Criterion Suppose a decision maker wishes to select the better of two mutually exclusive projects, A and B, each of which has a payoff that can be repre­sented as a random variable governed by a certain probability distribution. 2 2 Suppose that E. > E_, (Mean) and a < a (Variance), with at least one of A — Ji A — Jb> the inequalities being strict, then the rule of Markowitz [62] indicates that Project A would be preferred. In this case, it may well be said that Project B is dominated by Project A. On the contrary, if E > E and 
94 
2 2 o\ > o \ , then i t cannot be determined whether the decis ion maker w i l l 
A A 
se l ec t Project A or B without further information about h is a t t i tude 
toward r i s k . However, i t i s poss ib le that the return of Project A i s 
so much higher than Project B that under almost any circumstances i t 
2 2 
returns more than Project B, even though a. > aD. Baumol [ 3 ] presents A D 
t h i s idea by specifying some addit ional information represented by 6, a 
measure of r i s k aversion of the ind iv idual . 
For each proposal i , the lower confidence l i m i t , = E^ - 6â  i s 
computed. Baumol argues that Project A i s preferable to Project B i f 
E > E_ and L = E - Sa > L = E - So , for a predetermined value of 
A — B A A A — B B B 
6 with at l e a s t one of the inequa l i t i e s being s t r i c t . The value 6 spec i ­
f i ed by the dec i s ion maker may be viewed as an index of his a t t i tude 
toward unfavorable outcomes. Thus, the more conservative the decis ion 
maker, the larger w i l l be the value assigned to <5 and the lower w i l l be 
the poss ib le outcomes which are considered acceptable . I f 6 = 0, then 
he i s simply r i s k - i n d i f f e r e n t and s e l e c t s on the bas i s of expected returns 
only , in other words, <5 represents the rate of trade-of f between reduction 
( increase) in expected value and reduction ( increase) in standard devia­
t ion C6 - 9E/ 3a). This implies that the larger the value of <5 in E^ -
6a ,̂ the larger the increase in E^ required to compensate for a given i n ­
crease in â . Eventually, as <5 goes to i n f i n i t y , th i s rule becomes the 
same as the Markowitz rule [ 3 ] . Thus, when 6 i s very l arge , then the 
6â  term becomes the dominating fac tor in E^ - 6a ,̂ and so the behavior 
of w i l l be almost per fec t ly correlated with that of â . 
To employ the method, the dec is ion maker must f i r s t express his 
r i s k preferences by choosing a spec i f i c value for 6. When the return on 
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the investment is normally distributed, then there is only about 16% probability that the realized return will ever fall below - (l)o\, only a 2% probability that it will fall below than Ei - 2o\, no more than a 0.1% probability that it will fall below E± - 3a±, etc. Thus, 6 
X-E 
is equivalent to the standard deviation (Z = *~^~)> f ° r the normal distri-
2 
bution with E = 0,Q = 1. But even where the distribution is not normal but unimodular, Chebyshev's inequality can be utilized to assigned quanti­tative evaluation of the likelihood that observations will fall beyond 
E. + 6 a.. 
i — i 4.3.2 The Use of the Expected Gain Confidence Limit Criterion in the Measure of Uncertainty Resolution In this section, a time-dependent measure of uncertainty resolution based on the project balance with incorporation of the EGCL concept is presented. Two different schemes of resolution index are generated: one is for the ANB and the other for the APB. 4.3.2.1 Area of Negative Balance [ANB], The resolution index for the area of negative project balance is defined as 
EGCL[ANB] = E[ANB]t + 6a[ANB] (4-2) 
where EGCL[ANB]t = resolution index for negative project 
balance at time t E[ANB]t = conditional expected negative project bala ce at time t 6  c eff c e t of risk aversion a[ ]t = onditional standard d vi on ab ut the expec ed negative p oject b lance at tim t. 
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Here EGCL [ANB]fc takes an upper confidence limit rather than a lower con­fidence limit for a risk-averse decision maker. Thus, if a project recovers its initial investment in a shorter time or a larger amount than expected, this deviation from the expected value cannot be regarded as an unfavorable outcome to the risk-averse individual. Instead, if the project takes a longer time or a smaller amount than expected, it would be an unfavorable outcome to the decision maker. Graphically, the shaded area in Figure 4-15 represents prob ([ANB]t _< EGCL [ANB] ) , that is, the prob­ability that the ANB at time t is greater than the tolerable limit EGCL [ANB]t. 
Figure 4-15. Upper Confidence Limit for [ANB]fc If a random variable of return for the project is normally dis­tributed and the decision maker is able to assign an upper bound on maxi­mum tolerable probability a, then the following relationship holds be­tween a and 5: 
Prob ([ANB]t lEGCL[ANB])l a 
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Since 
EGCL[ANB] -E[ANBl 6a[ANB1 
Z = r •  = _r 1 - O 
a[ANB] a[ANB] 
In terms of the standard normal v a r i a t e , 6 can be expressed as 
probabi l i ty (Z < 6) , such that i f a i s given, then 6 can be computed 
d i r e c t l y from the standard normal t a b l e . 
I f the d i s t r i b u t i o n i s not normal but i s unimodular, then using 
Chebyshev's inequal i ty , the re lat ionship between a and 6 may be expressed 
as : 
Prob (E[ANB] t - 6a[ANB]^ < [ANB]^ < E[ANB] t + 6a[ANB] f c) _> 1 - ~ ^ 
Graphical ly , the probab i l i ty of observing a value [ANB] t e T i s given by 
P(T) > 1 - - ± r 
E[ANB] - 6a[ANB] t E[ANB] t + 6a[ANB] 
E[ANB] 
Figure 4-16. I l l u s t r a t i o n of Chebyshev's Inequal i ty 
Stated d i f f e r e n t l y , for any d i s t r i b u t i o n with given mean and variance , 
the probab i l i t y of observations outside the range E + 6a w i l l be no greater 
2 
than 1/6 . Then, for a given a, a decis ion maker would assign 6 value with 
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4 . 3 . 2 . 2 The Area of Pos i t ive Balance [APB]. The reso lut ion index 
for the APB based on the expected gain confidence i s defined as 
EGCL[APB] t = E[APB]^ - 6a[APB] t ( 4 - 3 ) 
where EGCL[APB] = reso lut ion index for p o s i t i v e projec t 
balance at time t 
EfAPB]^ - condit ional expected p o s i t i v e projec t 
balance at time t 
6 = coe f f i c i en t of r i s k aversion 
afAPB]^ = condit ional standard deviation about 
the expected p o s i t i v e project balance 
at time t . 
As contrasted with EGCL [ANB]^, EGCL [APB]^ takes a lower confidence l imi t 
for the decis ion maker who i s r i s k averse . Here the r e a l i z a t i o n of a 
random var iab le greater than E [APB] t i s considered to be a favorable 
event. Thus, the lower l i m i t would be placed somewhere below E [APB]^, 
and i t represents the point below which the r e a l i z a t i o n s of [APB] t are 
undesirable as shown in Figure 4 - 1 7 . 
By adjust ing the values of 6, the coe f f i c i en t of r i s k aversion, 
the decis ion maker i s able to r e f l e c t his personal preference for the 
resolut ion of poss ib le l o s se s and poss ib le benef i t s over time. I f the 
decis ion maker has a d i f f erent view of the reso lut ion of ANB and APB, 
then, of course, he may ass ign a d i f ferent coe f f i c i en t of r i s k aversion. 
The l o g i c a l ground on which the value of 6 should be based would be the 
same as the [ANB] . In th i s presentat ion, however, the same value of 
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E[APB] t - 6a[APB] t E[APB] 
Figure 4-17. Lower Confidence Limit for [APB]t coefficient of risk aversion is assumed for both random variables [ANB]t and [APB]̂ . 4.3.3 Comparison with the Coefficient of Variation Approach To illustrate how the resolution index obtained from the expected gain confidence limit differs from the coefficient of variation approach, the same example given in Section 4.2.1 is used again here. Computations obtained from application of Equations 4-2 and 4-3 with varying values of 6 (6 • 1, 2, 3 and 4), the resolution indexes for the ANB and APB are summarized in Table 4-7 and plotted in Figure 4-18. Table 4-7 indicates that Project Al dominates Project A2 for a range of <5 values from 1 to 4 with regard to ANB and APB. The resolution indexes in Table 4-7 reveal the true underlying cash flow stream discussed in Section 4.2.1. In particular, the resolution index obtained from the confidence limit repre­sents both the magnitude of actual cash flows and the variability of cash flows simultaneously, whereas the coefficient of variation represents only the relative variability in cash flows. However, as <5 approaches infinity, the resolution indexes obtained 
100 
Table 4-7 . Resolution Index Based on Expected Gain 
Confidence Limit for Projects Al and A2 
— "~ J -J 
t 
6 = 1 6 = 2 5=3 6 = 4 6 = 1 6 = 2 6 = 3 6 = 4 
0 151 .2 186 .4 221 .5 256 .6 1 4 . 1 - 1 0 . 4 - 3 4 . 8 - 5 9 . 2 
1 1 3 0 . 2 144 .4 1 5 8 . 5 172 .7 1 4 . 1 - 1 0 . 4 - 3 4 . 8 - 5 9 . 2 
2 1 2 4 . 5 132 .9 1 4 1 . 3 149 .8 1 5 . 4 - 7 .6 - 3 0 . 7 - 5 3 . 7 
3 
n i  i 1 
1 1 6 . 1 1 1 6 . 1 1 1 6 . 1 116 .1 3 8 . 5 3 8 . 5 3 8 . 5 3 8 . 5 
Project A2 ANB APB 
t 6 = 1 6 = 2 6 = 3 6 = 4 6 = 1 6 = 2 6 = 3 6 = 4 
0 2 6 0 . 1 274 .2 288 .3 302 .4 - 1 .2 - 2 6 . 3 - 5 1 . 4 - 7 6 . 5 
1 259 .2 272 .5 285 .7 298 .9 . 2 - 2 3 . 7 - 4 7 . 5 - 7 1 . 3 
2 2 5 4 . 4 262 .8 271 .3 279 .7 . 9 - 2 2 . 2 - 4 5 . 2 - 6 8 . 3 
3 2 4 6 . 0 246 .0 246 .0 246 .0 2 4 . 0 2 4 . 0 2 4 . 0 2 4 . 0 
from e i ther cr i t er ion (EGCL or CV*t) w i l l not d i f f e r s i g n i f i c a n t l y from 
the other . In other words, when 6 i s very l arge , CV^ and EGCL[ANB] t (or 
EGCLfAPBj^) w i l l indicate the same set of project preferences . Mathe­
mat i ca l ly , the re lat ionship between EGCL[ANB] (or EGCL[APB] ) and CV 
can be expressed as 
EGCL[ANB]fc = E[ANB] + 6a[ANB] f c 
a[ANB] - [1 + * tar]) 1t 
a[ANB] 
= E[ANB] t [1 + 6 C V t ] , ( s ince CV t = E [ A N B ] (4-4) 
for project balance) 
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Figure 4 - 1 8 , Uncertainty Resolution Patterns of [ANB] t and [APB] t 
for Projects Al and A2 
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When 6 i s l a r g e , the 6CV t term becomes the predominant term in Equation 
4-4; thus, the behavior of EGCL[ANB] w i l l be almost per fec t ly correlated 
with that of E[ANB] CV . 
From the foregoing d i scuss ion , i t i s evident that the reso lut ion 
index based on project balance with incorporation of the concept of the 
EGCL ought to be used as a time-dependent measure of uncertainty reso lut ion . 
Therefore, the measure of uncertainty reso lut ion adopted in t h i s study i s 
EGCL[ANB]. for the ANB and EGCL[APB]. for the APB. 
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CHAPTER V 
DECISION CRITERION FOR SEQUENTIAL CAPITAL BUDGETING PROBLEMS 
In Chapter I I I , the project balance as a time-dependent measure 
of investment worth was proposed and i t s uniqueness as compared to the 
t r a d i t i o n a l measures of investment worth was discussed. Since the project 
balance provides more information about the nature of cash flows with 
respect to t ime, the use of the projec t balance as a bas i s to measure 
uncertainty reso lut ion with the expected gain confidence l i m i t approach 
was presented in Chapter IV. 
This chapter incorporates the concept of uncertainty reso lut ion 
which was developed in Chapter IV in a systematic manner into a framework 
for investment dec i s ions . To u t i l i z e information about the reso lut ion of 
uncertainty over time, a dec is ion cr i t er ion ca l led the Project Balance 
Cri ter ion i s developed as a method to assess the e f f e c t of investment 
projec t s that have p r o b a b i l i s t i c outcomes. 
Since most actual investment s i tuat ions require the repeated con­
s iderat ion of projec t s over time, i t i s important to understand how the 
ideas previously developed can be applied on a sequential periodic b a s i s . 
Therefore, th i s chapter begins with a discuss ion of the general investment 
decis ion process and the ob jec t ive s of the firm where the firm makes capi ­
t a l a l l oca t ions on a regular periodic b a s i s . In Section 5 . 2 , the develop­
ment of the projec t balance cr i t er ion and i t s appl icat ion to a sequential 
dec is ion process i s described. 
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One of the primary purposes of th i s study i s to compare three 
popular decis ion c r i t e r i a with the projec t balance c r i t e r i o n for the type 
of investment dec is ion process defined in Section 5 . 1 . Therefore, in 
Section 5 . 3 these decis ion c r i t e r i a are described in d e t a i l . In addit ion 
to comparing these three c r i t e r i a with the projec t balance c r i t e r i o n , the 
assumption of having perfect information i s a l so introduced. This assump­
t ion allows the comparison of the project balance c r i t e r i o n with wel l 
known determinis t ic models. Thus, comparison among methods requiring per­
f ec t information and methods designed for p r o b a b i l i s t i c information can 
be presented. 
5 . 1 General Investment Situat ions 
The primary objec t ive of th i s study i s to inves t iga te the problem 
of making c a p i t a l a l l oca t ions on a regular periodic bas i s when there i s 
a lack of complete information as to the events that might occur in future 
dec i s ion periods . In p a r t i c u l a r , the investment s i tuat ion i s defined as 
one in which the occurrence, t iming, and charac ter i s t i c s of future inves t ­
ment opportunit ies cannot be predicted with cer ta in ty . This type of 
investment se t t ing i s of part icu lar in teres t because dec is ion making under 
imperfect information f i t s the s i tuat ion most businessmen face in 
r e a l i t y [ 8 ] . 
In Section 5 . 1 . 1 , the general investment s i tuat ions which postulate 
the data-generating process for future investment opportuni t ies , as wel l 
as the charac ter i s t i c s of those investments, are described. In Section 
5 . 1 . 2 , the objec t ives of the firm are defined for the investment s i tuat ions 
described in Section 5 . 1 . 1 . 
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5 . 1 . 1 Description of the Decision Process 
Consider a hypothetical firm which i s faced with a number of poten­
t i a l investment opportunit ies to evaluate in each operating period. The 
projec t s undertaken provide a set of poss ib le cash flows over several 
operating per iods . The future cash flows generated by these investments 
are not prec i s e ly known and they can be represented by the probab i l i ty 
tree described in Section 4 . 1 . In other words, at the time of decis ion 
prec ise knowledge of the future r e a l i z a t i o n s of cash flows for those pro­
posals being considered i s not a v a i l a b l e . However, at each dec is ion point , 
the s i z e of the i n i t i a l investment and the l i f e of each proposal are known 
with cer ta in ty . 
The firm lacks complete information about the investment opportu­
n i t i e s ar i s ing in the subsequent decis ion per iods . I f a set of investment 
proposals to be considered i s ident i f i ed during each decis ion period, the 
firm then must a l l o c a t e the funds ava i lab le for that period to the set of 
proposals according to some dec is ion c r i t e r i o n . Once the decis ion i s made, 
the funds are invested in the se lected proposals , and the re jected proposals 
are discarded from further consideration for future periods . A new set of 
proposals becomes ava i lab le during the fol lowing period, and the firm must 
again make an a l loca t ion decis ion at the end of that period. This process 
continues over the planning horizon time. 
I t i s not known prec i se ly what the budget w i l l be in the future 
periods because the budget at any future dec is ion point i s determined by 
the net cash received from investments made in prior periods . Because the 
firm finances a l l of i t s investments through the reinvestment of in terna l ly 
generated funds, the option of outside borrowing i s not considered in the 
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study. In other words, the r e s t r i c t i o n that no external funds are allowed 
means that the firm cannot obtain addi t ional funds in order to a f f e c t i t s 
dec i s ion . There are reasons for not allowing external funds in th i s study. 
One i s that many firms as a matter of po l i cy w i l l not borrow funds to 
finance investment proposals . The other reason i s that the inclusion of 
borrowing in the dec i s ion process does not require a decis ion cr i t er ion 
to be as s e l e c t i v e and therefore the e f f i cacy of the c r i t e r i a considered 
here would not be thoroughly t e s ted . 
However, i f the proposals se lected at a dec is ion time do not ex­
haust the budget, the funds that remain are invested in a highly l iqu id 
investment at some in teres t rate i^. This i^ r e s u l t s from a highly l iquid 
investment such as a bank account where the funds may be withdrawn at any 
t ime. Thus, the dec i s ion maker w i l l have these invested funds plus 
in teres t ava i lab le for investment at the next dec is ion t ime. 
5 . 1 . 2 Object ives of the Firm 
Given th i s general se t t ing of investment dec is ion s i t u a t i o n s , the 
bas ic problem i s to s e l ec t from a set of ava i lab le investment opportunit ies 
a subset which maximizes the t o t a l cap i ta l at the horizon time, subject to 
cer ta in budget r e s t r i c t i o n s which must be s a t i s f i e d by any f e a s i b l e inves t ­
ment plan. In each dec is ion per iod , the dec is ion maker has to s e l e c t a 
set of proposals based on a certa in objec t ive decis ion r u l e . When com­
paring se t s of uncertain cash flow sequences over a mult i -period investment 
horizon, each decis ion ought to consider information which r e f l e c t s the 
e f f e c t s of projec t v a r i a b i l i t y on the ul t imate accumulation of wealth. 
In t h i s study the information u t i l i z e d includes (1) the expected net 
present value; (2) the variance about th i s expected value; (3) uncertainty 
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about changes in the project's ultimate worth as the project's costs and revenues are actually realized (uncertainty resolution, see Section 4.3). The difficulty with establishing a single decision criterion which incorporates all the three factors is that difficult trade-offs are required. Management usually is able to tolerate greater variability about the project's worth if the expected profitability is great enough. Or, management might wish to select a current set of projects with a lower expected net present value, but a more rapid resolution of uncertainty in the project's negative balance in order to take advantage of investment opportunities which would arise in the future. Thus, the decision crite­rion to be devised must be one which allows for trade-offs among these three factors. Therefore, a decision criterion which explicitly incorpo­rates the uncertainty resolution concept along with the mean-variance properties is developed in the following section. 
5.2 Development of the Project Balance Criterion In Chapter IV, an information framework for analyzing uncertainty resolution was developed. In particular, the index developed in Section 4.3 represents a time-dependent measure of uncertainty resolution that provides the management with information about the changes in uncertainty over time for the projects under consideration. Such information can be of particular use to a risk-averse decision maker who has a basic feeling for the general manner in which new investment opportunities may occur for his particular firm as time passes. The investment situations described in Section 5.1 and the Idea developed in Section 4.3 suggest a criterion for making investment decisions with incorporation of the concept of uncertainty resolution on 
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a regular periodic b a s i s . Thus, in th i s sect ion the c r i t e r i o n , ca l led 
the projec t balance c r i t e r i o n (PB c r i t e r i o n ) , i s formally proposed, and 
i t s appl icat ion to a sequential dec is ion process i s described. In order 
to appreciate the advantage of the PB c r i t e r i o n when dec is ions are made 
on a regular periodic b a s i s , i t i s important to understand i t s l o g i c a l 
der ivat ion . 
In Section 5 . 2 . 1 , the spec i f i c dec is ion problem in which the p r o j ­
ect balance c r i t e r i o n i s to be developed i s described in d e t a i l . In 
Section 5 . 2 . 2 , a s ing le index i s devised as an operational decis ion rule 
to seek a p r a c t i c a l trade-off among the three major investment fac tors 
outl ined in Section 5 . 1 . 2 . 
5 . 2 . 1 Decision Problem 
Consider the investment s i tuat ion that i s described in Section 5 . 1 . 1 
where the dec is ion maker has to make cap i ta l investment dec is ions on a 
regular periodic bas i s with the objec t ive of maximizing his future wealth 
at the horizon time H. In p a r t i c u l a r , the decis ion maker i s aware of a l l 
the proposals generated during a part i cu lar time in terva l at the time of 
dec i s ion , but no precise estimate about the future r e a l i z a t i o n of the 
proposal ' s cash flows can be made. Furthermore, the dec is ion maker has 
no prec i se knowledge of the investment proposals that w i l l be submitted 
for consideration in future periods . 
More s p e c i f i c a l l y , assume that the dec is ion maker has to make i n ­
vestment decis ions on a regular bas i s with the fol lowing investment 
s i tua t ions : 
1 . The set of proposals under considerat ion, which w i l l be referred to 
as the schedule of investment proposals (SIP) , are known at decis ion 
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points in t ime, but the proposals ' future cash flows contained in the 
SIP at that time are not known with cer ta inty . However, the p r o b a b i l i ­
t i e s of occurrence of various outcomes for these cash flows can be 
estimated and represented by a probabi l i ty tree such as described in 
Section 4 . 1 . 
2 . The SIP cannot be ident i f i ed for decis ion periods in advance. That 
i s , the SIP can be completely ident i f i ed only at the time of each 
dec is ion period. 
3 . The amount Bg i s budgeted for investment at the dec is ion time t = 0. 
For t _> 1 , the amount B t over the subsequent investment period i s to 
be condit ional upon the acceptance or re jec t ion of projec t s ava i lab le 
in the previous decis ion periods . 
4 . The discount rate for project evaluation (MARR) and the rate i~ which 
o 
can be carried on funds not invested are known in advance. The plan­
ning horizon time span, H, a l so i s assumed to be known. 
For these investment s i t u a t i o n s , the decis ion maker i s faced with 
se l ec t ing a set of projec t s at each decis ion period which would resu l t in 
the maximization of h is c a p i t a l at the horizon t ime. Since the future 
rece ipt s of the projec t s are not de termin i s t i c , an aware decis ion maker 
must be concerned about the v a r i a b i l i t y of the resul tant cash flows in 
addit ion to the expected p r o f i t a b i l i t y of the proposal . In other words, 
questions of r i s k preference require the inc lus ion of measures other than 
expected equivalent p r o f i t in any sound decis ion c r i t e r i o n . 
5 . 2 . 2 Use of Project Balance Pattern Parameters in the 
Project Balance Cri ter ion 
As developed in Sections 3 . 1 and 3 . 2 , the project balance pattern 
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provides four d i f f e r e n t elements of information regarding the d e s i r a b i l i t y 
of a proposal . They are the area of negative project balance (ANB), the 
time for the project to recover i t s i n i t i a l investment (Q) , the area of 
p o s i t i v e balance (APB), and the terminal p r o f i t a b i l i t y ( S ^ d ) ) of the 
proposal (see Figure 3 - 7 ) . However, as a bas is for measuring uncertainty 
reso lut ion in Chapter IV, only two of these elements (ANB, APB) were 
u t i l i z e d to generate two d i f ferent reso lut ion indexes for the same proposal . 
One i s for the negative project balance and the other for the p o s i t i v e 
projec t balance (see Section 4 . 3 ) . In par t i cu lar , Q and S N ( i ) are not 
u t i l i z e d as a bas i s for measuring the rate at which uncertainty about the 
r e a l i z a t i o n s of cash flow changes through time. The reasons for se lec t ing 
on these two elements are discussed in Section 3 . 2 . 
Since both reso lut ion indexes, EGCL[ANB] and EGCL[APB] , represent 
time-dependent measures of uncertainty re so lu t ion , the use of information 
derived from these reso lut ion indexes in the development of the project 
balance c r i t e r i o n i s d iscussed. In p a r t i c u l a r , Section 5 . 2 . 2 . 1 describes 
the conceptual advantage using EGCL[ANB]^ over EGCL[APB] in the develop­
ment of the project balance c r i t e r i o n , where investment dec is ions are made 
on a regular periodic b a s i s . In f a c t , information generated from EGCL[APB] 
i s not u t i l i z e d in the projec t balance c r i t e r i o n , with the reasons being 
discussed in Section 5 . 2 . 2 . 1 . However, in Section 5 . 2 . 2 . 2 , the poss ib le 
use of information derived from EGCL[APB] t i s discussed in a d i f f e r e n t 
cap i ta l budgeting context. 
5 . 2 . 2 . 1 The Use of Information about Uncertainty Resolution Pro­
vided from the Area of Negative Project Balance. In general , as the expec­
ted discounted payoff period approaches the investment l i f e , the value of 
I l l 
information about the resolution pattern for the positive project balance would tend to decrease. In particular, when liquidity preference can be viewed as behavior regarding risk [93], the risk-averse decision maker would tend to place more value on the resolution of uncertainty for nega­tive project balance. Following the definitions of Tobin [93], project liquidity is defined as follows: when the project has a relatively short time period to recover its initial investment, it is said the investments made are relatively liquid. In this sense, liquidity preference as be­havior for a risk-averse decision maker can be viewed as meaning that the investor wishes to assure himself of being restored to his initial position within a short span of time in order to be able to take advantage of addi­tional, perhaps better investment possibilities that may come along [104]. If this is the case, he may be less interested in knowing the way the terminal profit accumulates once the initial investment is fully recovered. Therefore, after he recovers the initial investment, his prime concern should be terminal profit. In a context of sequential capital budgeting problems, the primary emphasis of this study is centered on incorporating the information pro­vided by the area of negative project balance into the decision criterion. This is because an early resolution of negative project balance would make funds available for attractive investment opportunities which would arise in the subsequent decision periods. 5.2.2.2 The Possible Use of Information Provided by Area of Positive Project Balance. Even though information generated from the APB of the proposals is not directly used in the development of the PB cri­terion, this information may have some usefulness in aiding the decision 
112 
maker in his attempts to discontinue some marginal projects. When the abandonment decision is considered in the decision process, for projects whose expected net present values are somewhat smaller and uncertainty about the realizations of future cash flows persists longer than usual, it would be good judgment to consider them for early retirement because more could be earned from their sale for salvage. That is, in capital rationing situations, abandonment is possible whenever the need for cash arises in order to invest in a more lucrative project. Schwab and Lusztig [85] summarize the usefulness of the abandonment consideration in invest­ment decisions such as: The economic desirability of an investment project is not only determined by uncertainties in future cash flows which may lead to premature abandonment, but that it also depends on the future availability of new and better investment al­ternatives which may lead to premature abandonment even when net present values are greater than the abandonment values over all relevant time periods. Thus, the information generated from the uncertainty resolution for the positive project balance (EGCL[APB] , or the resolution index of the profit accumulation pattern), may provide the decision maker with a sort of track­ing signal to examine the possibility of abandonment (see Section 3.1.2.5). The difficulty of considering the abandonment decision in capital budgeting problems is that it largely depends on the salvage value avail­able at each point in time, which is difficult to estimate at best, particularly for new projects. Since the abandonment decision is not a primary concern of the decision criterion to be developed in this study, no additional consideration is given to incorporation of the abandonment decision into the current criterion. 
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5 . 2 . 3 Trade-offs Among Three Major Investment Factors 
As pointed out in Section 5 . 1 . 2 , when comparing se t s of uncertain 
cash flow sequences over a mult i -period investment horizon, each decis ion 
ought to consider information which r e f l e c t s the e f f e c t s of project v a r i ­
a b i l i t y on the ul t imate accumulation of wealth. Through the discussion 
in Section 5 . 2 . 2 , the fol lowing three elements are defined as the major 
investment fac tors which a f f e c t investment dec is ions in t h i s study. 
1 . The expected terminal p r o f i t a b i l i t y ( p r o f i t a b i l i t y ) 
2 . The v a r i a b i l i t y about th i s expected terminal 
p r o f i t a b i l i t y ( v a r i a b i l i t y ) 
3 . F l e x i b i l i t y in future investment a c t i v i t y ( F l e x i b i l i t y ) 
The projec t balance cr i t er ion seeks a trade-of f among the three major 
fac tors defined above. The approach taken in th i s study i s as fo l lows: 
the terminal p r o f i t a b i l i t y i s measured by the expected net present value 
of the p r o j e c t ; the v a r i a b i l i t y in the net present value i s expressed in 
terms of standard deviat ion from the expected net present value; and 
l i q u i d i t y preference i s measured by the uncertainty reso lut ion of negative 
project balance through time (EGCLfANB] ) . Thus, graphica l ly , the trade­
off among these factors should res ide ins ide a tr iangular space whose 
three corners are shared by the three investment f a c t o r s . 
To devise an operational and p r a c t i c a l dec is ion rule which indicates 
whether a project should be undertaken or should be re j ec t ed , a s ing le i n ­
dex which brings these major parameters together i s necessary. Therefore, 
subsequent sect ions discuss what trade-of f among the parameters should 
r e s u l t in a s ing le index. 
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Figure 5 - 1 . Trade-offs among P r o f i t a b i l i t y , V a r i a b i l i t y 
and F l e x i b i l i t y 
5 . 2 . 3 . 1 Trade-Off between P r o f i t a b i l i t y and V a r i a b i l i t y . The 
f i r s t task i s to e s t a b l i s h a trade-of f between the expected net present 
worth of the return for the proposal (E) and the v a r i a b i l i t y of th i s 
return ( a ) . The approach taken in th i s study i s a lower confidence l imi t 
concept discussed in Roy [83] and Baumol [ 3 ] . That i s , the f l o o r on pro­
j e c t returns (lower confidence p r o f i t l i m i t ) i s represented by Equation 5 - 1 . 
V ± = E ± - k a ± ( 5 - 1 ) 
where V^ - lower confidence p r o f i t l i m i t of i t b investment 
opportunity 
E^ = expected net present worth for the i*"*1 investment 
opportunity 
k = c o e f f i c i e n t of r i s k aversion 
O^ = standard deviat ion of the probab i l i ty d i s t r ibut ion 
th 
of the net present worth i investment opportunity 
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Equation 5-1 summarizes the two dimensions, expected value and variability, by which an uncertain prospect is considered to be characterized with a single index on which accept-reject decisions can be made. Here, k can be regarded as the rate of trade-off between reduction in expected value and for reduction in variability. Conceptually, it can be said that in­creases in an investment's expected value E^ increase its desirability, while increases in the dispersion of possible outcomes tend to reduce an investment's desirability. These relationships may be expressed symbolic­
ally as 
and 
da±/dE± - OV i /8E i ) (3a i /8V i ) = k -1 
Figure 5-2 graphically depicts the trade-off between E. and o\. 
VARIABILITY FLEXIBILITY 
Figure 5-2. Trade-off between Profitability and Variability 
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5.2.3.2 Trade-off between Lover Confidence Profit Limit (V.̂ ) and Uncertainty Resolution (EGCL[ANB])̂ . Once a trade-off is achieved between the profitability and the variability of the proposal, the next step in­volves a trade-off between uncertainty resolution and V .̂ However, the expected pattern of uncertainty resolution through time is not a single dimension itself; to translate such a pattern into an operational decision criterion requires a single numerical index. The reason why a single index is desirable is that to be at all realistic a decision rule which considers the shape of whole pattern of uncertainty resolution would necessarily be quite complex and unwieldy. There would be two possible ways to summarize information contained in the expected pattern of uncertainty resolution by a single index. One approach is to reduce the multi-period concept of uncertainty resolution into a single index, represented by the area under the uncertainty reso­lution of negative project balance pattern. Another possibility would use an average rate of decline EGCL [ANB] for all periods as used by Van Home [95]. However, this approach requires a ratio index such that the abso­lute magnitude of uncertainty cannot be revealed appropriately. Thus, for this study the total uncertainty resolution for the negative project bal­ance is measured by the area under the pattern of uncertainty resolution [ANB]̂ , as shown in Figure 5-3. 
N [ANB] = Z EGCL [ANB] (5-2) X t=0 1 
However, it must be realized that this simplification results in a certain 
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Time t 
Figure 5 - 3 . Area under the Uncertainty Resolution Pattern 
l o s s of information. As an example, suppose that two a l t ernat ive current 
investment opportunit ies generate reso lut ion indexes (EGCL[ANB] t) as shown 
in Figure 5 - 4 . Area transformation indicates that both proposals are i n ­










1 2 3 0 1 2 3 
Time t Time t 
Al ternat ive Patterns of Proposal 's Uncertainty Resolution 
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4 [ETIP]. 
Figure 5 - 5 . Expected Total Investment Period [ETIP]^ 
The parameter [ETIP] which stands for expected t o t a l investment period 
the investments contain the same i n i t i a l amount of uncertainty, Proposal 
HI completely reso lves the uncertainty in two years , whereas th i s i s not 
true of Proposal H2. This type of information would be l o s t by summariz­
ing the uncertainty reso lut ion charac ter i s t i c s for negative project balance 
as the area under the pattern of uncertainty reso lut ion . 
To e l iminate the e f f e c t of the s i z e of the i n i t i a l investment, i t 
i s necessary to normalize ANB by dividing throughout by the i n i t i a l inves t ­
ment cost C^. 
[ E T I P ] i = [ A N B ] ± / C i ( 5 - 3 ) 
This normalized area i s equivalent to the length of a s ide of a rectangle 
whose area i s the same as [ANB]^ and whose other s ide corresponds to the 
i n i t i a l investment c o s t . This re la t ionship i s depicted in Figure 5 - 5 . 
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can be viewed as the equivalent period during which the t o t a l project 
balance (debt) would be outstanding. Now the f i n a l task i s to express a 
trade-of f between [ETIP]^ and V^. Since represents do l lar amount and 
[ETIP]^ has a time dimension, V^/[ETIP]^ would represent the certa inty 
equivalent amount (lower confidence p r o f i t l i m i t ) per investment period 
th 
from the i investment opportunity. 
Z i = V i / t E T I p ] < 5 " 4 ) 
N 
= [E. - 6 a . ] / [ Z EGCL(AND). / C . ] 
i 1 i t x 
The graphical representat ion of the trade-of f among the three investment 
fac tors can be depicted as shown in Figure 5 - 6 . Conceptually, the f i n a l 
trade-of f point Z^ should res ide ins ide a tr iangular space whose three 
corners are shared by the three investment f a c t o r s . 
Figure 5 - 6 . Final Trade-off among C r i t i c a l Investment Factors 
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5.2.4 Project Balance Cri ter ion 
The problem of se lect ing the combination of investments that 
maximizes the cer ta inty equivalent amount per investment period for a 
part i cu lar set X of investment proposals i s equivalent to solving the 
fol lowing l inear integer programming problem at each decis ion period: 
Model I: Maximize Z = Z X̂  
E C < B 
i 
X±= (0,1) integer 
where B = budget l imi t 
C^ •» i n i t i a l investment of proposal i 
0, i f proposal i i s not se lected 
X. = { 
1, i f proposal i i s se lected Z± = V ŷtETIP] 5.2.4.1 Consideration of Interre lated Proposals . Since the p r o j ­
ect balance c r i t e r i o n i s formulated as a l inear integer programming prob­
lem, i t i s easy to accommodate proposals which have dependency r e l a t i o n ­
ships ( e . g . , mutually exclus ive or contingent proposa l s ) . A set of 
mutually exclus ive opportunit ies i s handled simply by adding the fol lowing 
r e s t r i c t i o n s for each set of mutually exclus ive proposals: 
I X < 1 
ieS 
where the summation i s over a set S of mutually exc lus ive projec t s 
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contained in the decis ion maker's SIP. This r e s t r i c t i o n ensures that at 
most only one proposal of the set S w i l l be accepted. 
To handle contingency r e l a t i o n s h i p s , another constraint must be 
added in the fol lowing form: 
X 0 < X £ — m 
where acceptance of proposal Z i s assumed to be condit ional upon acceptance 
of proposal m (see Weingartner [ 1 0 1 ] ) . 
5 . 2 . 4 . 2 Consideration of Covariances among Proposals . As shown in 
Equation 5 - 4 , the projec t balance c r i t e r i o n postulates that the variance 
of the returns from a s ing le projec t i s an appropriate measure of r i s k . 
In other words, the c r i t e r i o n i s designed to evaluate one project at a 
time rather than evaluating a p o r t f o l i o of p r o j e c t s . However, when i t i s 
des irab le to evaluate r i s k to the firm as a whole, t h e o r e t i c a l l y the r i s k 
of a proposal should be evaluated with respect to the r i s k charac ter i s t i c s 
of the other proposals . I t may be judged in re la t ion to i t s marginal 
addit ions of r i s k to the firm as a whole. This implies that covariances 
among the proposals in the combination must be recognized to determine 
the o v e r a l l r i s k . Should these interdependencies be recognized, the p r o j ­
ect balance cr i t er ion would be expressed as 
ZE.X. - k ( I I X . a , . X . ) * 5 
i 1 1 i j 1 J J 
Model I I : Maximize Z = J = - - -
[E{EE (ANB) X. + 6 1 ( 1 I X . o l . . X . ) ' 2 } ] / £C. 
i t 1 E 1 t i j 1 1 J t J i 1 
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subject to I C i X i < B 
X ± - ( 0 , 1 ) integer 
where
 a-*4f- = covariance of ANB between 
proposal i and proposal j 
E ( A N B ) i t = expected ANB of Proposal i a t time t 
Since the objec t ive function i s expressed in a nonlinear form, i t 
i s d i f f i c u l t to so lve the model given above with the ex i s t ing nonlinear 
programming techniques. For a small number of proposals , a complete 
enumeration technique would be poss ib le to obtain the optimal so lut ion 
for the problem. This i s done simply by excluding combinations of projec t s 
that v i o l a t e the budget constraint from the f e a s i b l e s e t . Another p o s s i b l e , 
but rather complicated a l t ernat ive i s to use f i r s t integer quadratic pro­
gramming to obtain the optimal so lut ion set which maximizes V 
MAX V = MAX[lE_,X.- k(IlX_,a. . X . ) ^ ] 
i 1 1 i j ^ ^ 
with the set of constraints defined in Model I I . Let th i s so lut ion set be 
S^. Then, u t i l i z i n g the same integer quadratic programming rout ine , solve 
the problem which minimizes [ETIP] z with the same set of constraints given 
in Model I I . Let the so lut ion set obtained from the l a t t e r be S ^ * I f 
S^ - S2> stop because the optimal so lut ion has been found. I f S^ f S^, 
the optimal so lut ion can be obtained through exchange operations between 
the so lut ion var iab les S- and S 9 , and by computing V/[EITP] which i s 
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maximum (see also Peterson and Laughhunn [72]). Using an adaptation of Sharpe1s "diagonal model (index model)" as a simplification of Model II, one can simplify the computations for obtaining optimal combination of projects (see Sharpe [86]). The use of the index model assumes that the returns on proposals are related only through a relationship with some common factor, e.g., an index of general market activity such that the index model allows only a restricted covari­ance between the eligible projects. Although an extension of Sharpe1s work to Model II simplifies the computations, the use of the index model requires prediction of some additional parameters (see Sharpe [86]) which are rather difficult to obtain [102]. Because for practical situations it is difficult to find the covariances among the proposals in a meaning­ful way, covariance is not considered in this study [11, 16, 52]. 
5.3 Decision Criteria to Be Compared with the Project Balance Criterion for Sequential Decision Process Several decision criteria have been proposed for evaluating the profitability of investment projects under risk (see Section 2.2.3). Most decision techniques consider risk by utilizing probability distributions of possible investment outcomes [43, 100, 38, 70]. Another widely dis­cussed approach to evaluating investment proposals under risk is based on utility theory [31, 45, 12]. Thus, three of the most widely suggested decision criteria under risk in the capital budgeting literature are selec­ted to compare with the PB criterion for the type of investment decision process described in Section 5.1. They are the expected present worth criterion, the mean variance criterion, and the expected utility criterion. 
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In addit ion to comparison of these three c r i t e r i a with the PB c r i ­
t er ion , dec is ion making with perfect information i s introduced to compare 
the e f fec t iveness of the PB c r i t e r i o n in re la t ion to the three decis ion 
c r i t e r i a . Decision making with perfect information i s defined as the 
investment s i tuat ion where the dec i s ion maker has complete knowledge about 
the future investment opportunit ies and the r e a l i z a t i o n s of the ir future 
cash f lows . Two d i f f eren t l e v e l s of knowledge are examined. The f i r s t 
l e v e l assumes that the dec is ion maker has complete information at the time 
of dec i s ion about those investment proposals that are currently being 
considered. The second l e v e l assumes that complete knowledge e x i s t s r e ­
garding a l l the proposals being considered throughout the study period. 
The second l e v e l c er ta in ly requires superior ins ight to that needed for 
the f i r s t l e v e l . 
One of the primary objec t ives of th i s study i s to inves t igate the 
performance of d i f f erent decis ion c r i t e r i a in more r e a l i s t i c investment 
s i t u a t i o n s . Most of the a r t i c l e s describing or commenting on these c r i ­
t e r i a l i m i t the ir arguments to the se l ec t ion of a small number of projec t s 
at one dec is ion t ime. Therefore, the appl icat ion of these dec is ion c r i ­
t e r i a along with the PB cr i t er ion for making regular periodic dec is ions 
requiring se lec t ions from a large number of proposals i s a l s o presented. 
5 . 3 .1 Expected Present Worth Maximization 
Under the expected present worth c r i t e r i o n , the dec is ion maker i s 
assumed to be r i s k - i n d i f f e r e n t such that h i s problem i s to s e l ec t the 
f e a s i b l e solut ion vector (x^, x 2 , . . . , x n ) having the larges t expected net 
present value without v i o l a t i n g the budget constra ints . The vector i s 
obtainable by solving the zero-one integer programming problem. 
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Model III: Maximize Z 
subject to 
The implicit assumption using formulation Model III is that the decision maker's utility function in z can be expressed in the form of 
U(z) = a + bz where a, b are constants. By taking the expected value operator, 
E(U(z)) = a + bE(z) (5-5) 
Thus, Equation 5-5 implies that the decision maker can maximize his expected utility using Model III if he has a linear utility function. It is important to recognize that the present worth maximization criterion is a special case of the PB Criterion. In Equation 5-4, if all projects liquidate themselves within one period with certainty, then Equation 5-4 can be reduced to 
z i 
that is, 
= Z [E ] X i E(C ) X < B i 
= (0,1), V i 
i" i = E. - ka [ZEGCL(ANB) ]/C "i ™i 
[EEGCL(ANB)it]/Ci -+ 1 
127 
a zero-one integer quadratic programming formulation. The appl icat ion 
of th i s model uses a p r o j e c t T s net present value (NPV) at a r i s k - f r e e 
discount rate with a budget constra int . 
2 n 
Model V: Maximize E - Ao » £ E X - X(Z EX o X . ) 
i i j J J 
subject to £ C 1 X 1 — B 
X ± = ( 0 , 1 ) V i 
where 
E = expected NPV of the accepted set of projec t s 
2 
a = variance of NPV of the accepted set of pro jec t s 
X = c o e f f i c i e n t of r i s k aversion 
E i = expected NPV of projec t i 
° U 
= covariance of NPV of projec t i and projec t j 
2 
° i 
= variance of NPV of projec t i 
C i 
= i n i t i a l investment cost of project i 
B = budget amount 
0 , i f project i i s re jec ted 
{ 
1 , i f projec t i i s accepted 
Then, the so lut ion to Model V when varying X value w i l l generate the 
e f f i c i e n t f ront i er indicat ing the achievable r i sk-re turn t r a d e - o f f s , given 
the f i rm's ava i lab le investment a l t e r n a t i v e s . 
If a l l the investment pro jec t s are mutually independent, Model V 
can be rewritten (covariance = 0) as 
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Model V I : Maximize E - \<J2 = Z X E - X(Z o\) 
i i 1 
- Z(E - Xo\)X 
i 
subject to I C J X . < B 
i 1 1 " 
X ± = ( 0 , 1 ) , V i 
which can be solved as a zero-one integer programming model. 
5 . 3 . 3 Expected U t i l i t y Cri ter ion 
One of the most widely discussed approaches towards r i s k in the 
cap i ta l budgeting l i t e r a t u r e i s the expected u t i l i t y c r i t e r i o n . This 
approach, based on u t i l i t y theory concepts incorporates u t i l i t y preferences 
into the investment decis ion by use of a u t i l i t y function. The f i r s t and 
most d i f f i c u l t requirement of th i s c r i t e r i o n i s to derive and speci fy the 
u t i l i t y function that i s to be appl ied . Commonly, a cardinal measure of 
u t i l i t y provides a bas i s for assigning preference orderings for uncertain 
prospects [ 9 9 ] . 
Once the dec is ion maker's u t i l i t y function i s spec i f i ed , the ex­
pected u t i l i t y value of a part i cu lar investment can be computed by m u l t i ­
plying the u t i l e value of a part icu lar outcome times the probab i l i ty of 
occurrence and adding together the products for a l l p r o b a b i l i t i e s . When 
a set of projec t s are compared, the projec t providing the highest expected 
u t i l i t y value would be the most preferred a l t ernat ive under the expected 
u t i l i t y c r i t e r i o n . Thus, i f the u t i l i t y theory approach to cap i ta l budget­
ing i s employed, the decis ion maker would seek to maximize the expected 
u t i l i t y value of investment proposals under considerat ion, given a set of 
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budget constraints. Theoretically, in order to select the best combination of the investments under consideration, it is necessary to derive the probability distribution of the present value for each feasible combination that maxi­mizes the expected value of a utility function. In fact, the number of feasible utility functions is practically infinite. Therefore, it is recognized at the outset that drawing some general conclusions about the effectiveness of the expected utility maximization as a decision criterion by testing a particular utility function is not reasonable. It also is impossible to test all the cases of utility function. Furthermore, the computations required to generate such probability distributions of the present value for each feasible combination are considerable. In view of these facts, an approximate method is utilized in this study. Some accuracy is sacrificed, but the saving in complexity is significant. It must be recognized that the purpose of the inclusion of this criterion in the study is not to draw general conclusions regarding the effectiveness of the cri­terion as compared to other criteria, but to provide the reader with some inference about the criterion. 5.3.3.1 Diminishing Marginal Utility and Risk Aversion. In order to understand the fundamental properties of the utility function for a risk-averse decision maker, it is necessary to examine how the risk element of the project is reflected in the utility function. As shown by Von Neumann and Morgenstern [99], risk-averse behavior will result if the decision maker has a diminishing marginal utility of returns. In other words, each additional dollar gives less utility or satisfaction than all preceding investments of the same size. Such a utility function is shown in Figure 5-7. 
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Figure 5 - 7 . Diminishing Marginal U t i l i t y of Returns 
As an example, suppose that the dec is ion maker has two mutually 
exc lus ive p r o j e c t s , Al and A2, where he can earn X R T with certa inty from 
Project A l , or he can invest in a r i sky investment which w i l l return 
XQ + a or XQ - a with equal p r o b a b i l i t y . In terms of decis ion tree format, 
th i s can be represented as shown in Figure 5 - 8 . 
Figure 5 - 8 . Decision Tree Example 
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I f the expected return for Project Al i s computed, A2 has the same expected 
va lue: 
E ( R )A2 " C' 5 ) (V a) + (- 5^RQ " a> * R0 VAR(R)^2 = a 2 
Although the expected returns are the same, a r i sk-averse decis ion maker 
w i l l prefer the sure return [E(U(RQ)) > E(u"(RQ + a ) ) ] . This i s because 
the r i s k a v e r t e r ? s diminishing marginal u t i l i t y w i l l cause the d i s u t i l i t y 
from a return of (Rq - a) to exceed the gain in u t i l i t y a return of (Rq + 0 ) ( i . e . , Ut(Rq - 0") > U?(Rq + a)). Assume that the same decis ion 
maker receives another investment opportunity, A3, which i s expected to 
y i e l d e i ther (RQ - 2a) or (RQ + 2a) with equal probab i l i t y . The expected 
value and variance of th i s projec t would be 
E ( R ) A 3 - ( .5)(R Q + 2a) + ( .5)(R Q - 2a) = R Q 
VAR(R) A 3 = 4a2 
In f a c t , A3 has greater r i s k ( i t has greater v a r i a b i l i t y of return) than 
the other investment, A2, even though i t y i e lds the same expected return. 
From Figure 5.6, i t i s obvious that the expected u t i l i t y c r i t e r i o n w i l l 
rank the d e s i r a b i l i t y of investment in the order of A l , A2 and A3 
[U(Rq) > E(U(R0 + a)) > E(U(Rq + 2a)]. 
To derive a consis tent u t i l i t y function which represents a r i s k -
aversion behavior, the fol lowing two general propert ies must be s a t i s f i e d 
[ 7 4 ] : 
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1. The utility function U(R) must be a monotonically increasing function of returns. 2. U(R) must possess the property of diminishing marginal utility. To determine whether marginal utility is increasing or decreasing, the slope of the utility function or the sign of the second derivative of U(R) must be examined. In other words, U1(R) > 0 and U"(R) < 0. 
utility criterion with the PB criterion, it is necessary to specify the utility function to be used for the expected utility criterion. However, there are numerous types of utility functions that could be selected. The utility function chosen for this study is the logarithmic utility function. The reasons that this type of utility function is utilized to compare this methodology with the project balance approach are listed below. 1. The logarithmic utility function is one of the most frequently men­tioned utility functions in the literature [74, 28, 69], 2. The utility function is realistic because it exhibits positive marginal utility of returns: 
5.3.3.2 Logarithmic Utility Functions. To compare the expected 
U(A) - log Z (Z > 0) du(Z) _ 1 dZ Z 
3. The utility function is also realistic because It has a decreasing marginal utility of returns: 
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This also implies that the utility function represents a decreasing risk-aversion behavior in Pratt's sense. This property has been advocated as a rational behavior for a risk-averse decision maker [74]. 4. The logarithmic utility function yields an invariant preference order­ing over a set of investments if the function undergoes any positive linear transformation. As an example, if one obtains a set of pref­erence orderings from using U(Z) = Log(Z), then this implies that he also can obtain the same set of preference orderings by using U(Z) = a log(Z) + b (a > 0, b = any real number). 5. It can be transformed to create approximations of nonlogarithmic utility functions [28, p. 506]. Therefore, the conclusions obtained with the logarithmic utility function are also approximately true for some other classes of nonlinear utility functions [62, pp. 120-122]. To employ the expected utility criterion, 1, Compute utility value of the present worth associated with each cash flow realization of the probability tree for a given investment project. 2. Compute the expected utility of the project. 
3. Formulate the zero-one integer programming problem. for t 
H 
Model VI: . Maximize I (E[U]) X. i subject to 
Z C,X. < B , 1 i -
x 1 = (0,1) where E(U) = the expected utility value of project i. 
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I t must be recognized that Model VII i s an approximate formulation. 
The exact procedures to find the best combination of the investments which 
maximizes the expected u t i l i t y include f i r s t deriving the probabi l i ty 
d i s t r i b u t i o n of the present value for each f e a s i b l e combination, then 
se l ec t ing the combination which maximizes the expected value of a u t i l i t y 
function (see H i l l i e r [ 4 5 ] ) . 
Despite i t s theore t i ca l appeal, there i s l i t t l e use for the u t i l i t y 
theory in cap i ta l budgeting pract ice [ 5 2 ] , The great d i f f i c u l t y with th i s 
approach i s in specifying a u t i l i t y function that can be used c o n s i s t e n t l y . 
Furthermore, the investment dec is ion i s frequently made by a group, or 
committed and i t i s even more d i f f i c u l t to derive a consistent u t i l i t y 
function which r e f l e c t s group behavior [ 9 6 , pp. 1 5 5 ] . 
5 .3 .4 Ef fec t s of Par t ia l Information and Complete Information on the 
Sequential Decision Process 
I t must be rea l ized that the projec t balance cr i t er ion w i l l not 
guarantee the optimum se lec t ion of proposals that could be achieved i f the 
dec is ion maker had complete information about the future investment oppor­
t u n i t i e s . Recal l that the PB c r i t e r i o n i s developed for those investment 
s i tuat ions where decis ions are made on a regular periodic b a s i s . In particu 
l a r , the c r i t e r i o n can be used for those investment s i tuat ions where the 
dec is ion i s based on expectations about the future . Therefore, i f complete 
information about present and future investment opportunit ies at the time 
of the current decis ion i s a v a i l a b l e , i t should be poss ib l e to s e l ec t the 
o v e r a l l optimum set of p r o j e c t s . 
I t i s of in teres t to compare the horizon value obtained from the 
project balance cr i t er ion with the one obtained with complete knowledge 
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about the future investment opportunit ies and the r e a l i z a t i o n s of their 
future cash f lows . Two d i f f erent l e v e l s of knowledge are examined in th i s 
study. The f i r s t assumes that the decis ion maker has complete information 
about the set of investment proposals that are being considered at the 
time of dec i s ion . The second assumes that complete information i s a v a i l ­
able regarding a l l the proposals being considered throughout the horizon 
t ime. 
5 . 3 . 4 . 1 Ef fec t s of Par t ia l Information on the Sequential Decision 
Process (Local Optimum with P a r t i a l Information) . This case assumes that 
the decis ion maker has complete information about the set of investment 
proposals that are being considered at the time of dec i s ion . In other 
words, complete information about the investment opportunit ies i s a v a i l ­
able only for those proposals that are currently under considerat ion. 
However, spec i f i c proposals that might or ig inate during periods fol lowing 
the current period cannot be ant ic ipated . For th i s investment s i t u a t i o n , 
investment dec is ions are made sequent ia l ly as they occur. The decis ion 
c r i t e r i o n u t i l i z e d with th i s perfect information i s to s e l e c t a set of 
proposals which maximizes the present worth at each decis ion period. Then, 
the l o c a l optimum for the f i r s t case i s obtained from solving the fol lowing 
zero-one integer programming problem at each decis ion period. 
Model V I I : Maximize Z (PW). X for t * 0 , 1 H 
i 1 
Z C\X. < B 
i 1 X ~ 
X ± - ( 0 , 1 ) 
where (PW). = present worth of project i at period t . 
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5 . 3 . 4.2 Ef fec t s of Complete Information on the Sequential Decision 
Process (Global Optimum with Complete Information) . This case assumes 
that complete information i s ava i lab le regarding a l l the proposals being 
considered throughout the time horizon. Since perfect information about 
present and future investment opportunit ies at the time of current 
dec i s ion ( t = 0) i s a v a i l a b l e , i t should be poss ib le to s e l ec t the overa l l 
optimum set of proposals . This s e l ec t ion can be achieved by formulating 
the dec is ion problem as the basic horizon model proposed by Weingartner 
[ 1 0 1 ] . 
Model IX: Maximize Z [ ( A l t k ) / U + g l t ) k ] X l t : + £ R 
subject to - Z C . - X . - + I » B r t J
 i t l l i l 1 0 
It c i t x i t - * t - i ( 1 + V + l t = 0 
t — 1 , • . * , H 
x l t = ( 0 , 1 ) & t >_ 0 
where g^ t = growth rate (rate of return) of proposal i 
submitted at time t 
= amount of money ava i lab le for lending 
A ^ t k = k-th cash flow occurring a f ter horizon time for 
proposal i submitted at time t 
As formulated in Model IX, the objec t ive function of th i s horizon 
model maximizes the sum of a l l cash flows rea l ized a f t er the horizon 
discounted at the i r respect ive internal rate of return to the horizon 
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[90 , Chap. 7 ] . In f a c t , Weingartner does not s p e c i f i c a l l y suggest what 
kind of in teres t ra te should be used to discount the cash flows occurring 
a f t er the horizon t ime. He simply says that the stream of revenues a s s o ­
c iated with projec t s need not terminate at the time or before the horizon 
i s discounted to the horizon at some rate of in teres t (see Weingartner 
[ 1 0 1 , pp. 1 4 1 ] ) . As discussed in Section 5 . 2 . 1 , the f i rm's objec t ive i s 
to maximize the accumulated c a p i t a l at the horizon time; the r ight in teres t 
rate to be used i s the respect ive rates of return of the proposals which 
do not terminate at or before the horizon (see a lso Section 6 . 5 . 4 for the 
j u s t i f i c a t i o n ) . 
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CHAPTER VI 
THE DESCRIPTION OF THE SIMULATION MODEL 
In Chapter V, the PB c r i t e r i o n was proposed along with three methods 
of s e l ec t ing investment a l t e r n a t i v e s . The three methods are the expected 
present worth c r i t e r i o n , the mean-variance c r i t e r i o n , and the expected 
u t i l i t y c r i t e r i o n . These three decis ion c r i t e r i a are to be compared with 
the PB c r i t e r i o n for the sequential decis ion process described in Section 
5 . 1 . 
This chapter contains a deta i l ed descr ipt ion of the simulation 
model used to t e s t the e f fec t iveness of these c r i t e r i a . F i r s t the spec i f i c 
assumptions of the simulation model used in th i s analys i s are described. 
Then fol lows the descript ion of the simulation process which i s used to 
t e s t the e f fec t iveness of those decis ion c r i t e r i a . 
B a s i c a l l y , the simulation model cons i s t s of two parts . The f i r s t 
part of the simulation model includes the generation of a periodic schedule 
of investment proposals (SIP) that are submitted at each decis ion period. 
In p a r t i c u l a r , de ta i l ed descr ipt ions are given as to how the investment 
proposals are generated. The second part of the simulation model i s the 
regular periodic appl icat ion of the d i f ferent decis ion c r i t e r i a to the 
schedule of investment proposals generated in the f i r s t part . In addit ion, 
the second part of the simulation cons i s t s of the accumulation and ca lcu­
l a t i o n of s t a t i s t i c s to evaluate the performance of these dec is ion r u l e s . 
139 
6 . 1 The Assumptions of the Simulation Model 
In order to t rans la te the investment decis ion process described in 
Section 5 . 1 into the computer simulation model, the model w i l l require 
the l o g i c a l flow of the decis ion process and assumptions that l imi t the 
model's representation of r e a l i t y . The basic assumptions made in the 
simulation model are: 
1 . The f i rm's primary objec t ive i s to make investment decis ions that 
promise to maximize i t s future worth with the l imi ta t ion on funds 
ava i lab le for investment. Although other goals a l so are l eg i t imate , 
in order to keep the analys is manageable, these other goals are not 
considered in th i s study [ 9 6 , Chap. 1 ] . Further, nonmonetary con­
s iderat ions [29] which do a f f e c t investment dec is ions are not con­
sidered in th i s study. 
2 . Through the normal operation of the firm, the firm makes cap i ta l 
investment decis ions on a regular periodic b a s i s . Each period the 
dec is ion maker examines the schedule of investment proposals (SIP) 
submitted for consideration during that period and the investment 
dec i s ion i s made at the end of that period. These equal successive 
time periods can be any time in terva l such as months, years , and so 
on. 
3 . The s i ze of each proposal ' s f i r s t cost i s assumed to be known when 
i t i s proposed, but future cash flows are random in magnitude. This 
assumption seems va l id because for many investment proposals cash out­
lays are known in advance but occur e i ther at the beginning of the 
proposal ' s l i f e or at given times during the e a r l i e r l i f e of the 
proposal . Each proposal i s a l so assumed to have a known investment 
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life. The uncertain future cash flows and their probability of occurrence can be represented by a probability tree (as described in Section 4.1) in which a series of cash flows and their condi­tional probabilities are given. The probability tree is charac­terized as one which requires a net disbursement only at the begin­ning of its life. In other words, future cash flows in each period are not allowed to be negative (i.e., cost or outflow). The reason for this nonnegativity requirement in future cash flows is to make the current investment decision independent of the budgets at future decision times, since no precise budget situation at any future decision point in time can be predicted at the current decision time. 4. The firm bases its capital budgeting decision on the SIP for the current period and on any knowledge of prior decisions that might prove helpful. However, it is assumed that the decision maker can­not anticipate specific proposals that might originate during periods following the current period [90, Chap. 3]. 5. New investments are financed exclusively through internally generated funds. In other words, the firm cannot secure external funds as part of the capital budgeting decision. However, in order to initiate the simulation, it is assumed that external funds are available only at the first few decision times of the decision process, diminishing quickly to zero as decisions are made through time. One view of these external funds is that they are receipts from investments made prior to the time the first decision is made. In accordance with this subject, Thuesen [90, Chap. 6] develops a method for determining the size of 
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external funds to be u t i l i z e d by the simulation model for the f i r s t 
few periods of the s imulat ion. This approach i s used to minimize the 
simulation time required to approximate a steady s t a t e investment 
s i tuat ion for a firm that i s in f u l l operation. Once the simulation 
progresses beyond these s tart -up condit ions , the amount of funds 
ava i lab le for investment in a given period t w i l l be composed s t r i c t l y 
of rece ipt s received at time t from previously undertaken proposals 
plus the funds remaining a f t er investments are made in the previous 
period. I t i s assumed that these remaining funds are invested at a 
low in teres t rate i^, which can be earned on highly l iqu id investments 
such as government bonds or savings accounts. These short-term inves t ­
ments make these funds ava i lab le at any time they could be u t i l i z e d . 
No divident payments are declared throughout the operation of the firm 
over the study period. This po l i cy i s adopted to avoid a dampening 
e f f e c t on the growth of the firm and the e f f e c t that a part icu lar 
dividend payment po l i cy would have on the t o t a l cap i ta l of the firm. 
The purpose of th i s study i s to examine t o t a l c a p i t a l growth, and the 
use of these earnings i s beyond the scope of th i s inves t iga t ion . 
Each investment proposal i s considered to be an i n d i v i s i b l e u n i t , and 
i t i s not poss ib le to undertake "multiples" of any investment proposal . 
I f a project i s r e j e c t e d , i t i s eliminated from further considerat ion; 
in other words, no projec t s are "postponed" in th i s ana lys i s . 
6 .2 Description of Simulation Process 
The simulation process can be separated into three phases in th i s 
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Phase I : The generation of a periodic schedule of investment proposals 
containing proposals that are submitted within a spec i f i c 
time in terva l for the decis ion maker's consideration at each 
decis ion per iod. 
Phase I I : The regular periodic appl icat ion of the four d i f ferent d e c i ­
sion c r i t e r i a described in Chapter V to the SIP generated in 
Phase I . In addit ion, the second phase of the simulation con­
s i s t s of the accumulation and ca lcu la t ion of s t a t i s t i c s 
relevant to the stated purposes of th i s study. 
Phase I I I : Once Phase I and I I are complete, the r e a l i z a t i o n s of cash 
flows of a l l the projec t s generated during the study period 
are preserved. Given these r e a l i z a t i o n s of the proposal ' s 
cash f lows, a g lobal upper bound solut ion to the decis ion 
problem i s obtained. This re su l t i s found by solving 
Weingartner's l inear programming formulation of the horizon 
model [ 1 0 1 ] . 
Due to the degree of s i m i l a r i t y between the investment dec is ion 
process assumed in th i s study and the one used by Thuesen [ 9 0 ] , some of 
the simulation techniques in Phase I are patterned a f t er these tested 
techniques. 
6 .3 Generation of a Schedule of Investment Proposals 
A schedule of investment proposals (SIP) i s a set of investment 
opportunit ies submitted for consideration during a decis ion period. Due 
to the v a r i a b i l i t y among proposals with respect to the s i z e of investment, 
expected pattern of cash f lows , l i f e , and expected rate of return, i t i s 
highly unl ike ly that the SIP for one period would be the same as the SIP 
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for another period. Therefore, i t i s reasonable to v i s u a l i z e a decis ion 
maker having schedules consis t ing of investment proposals drawn from an 
underlying d i s t r i b u t i o n in which the s i z e of investment, expected pattern 
of cash f lows, l i f e , and expected rate of return are a l l random var iab le s . 
The existence of such a p r o b a b i l i s t i c d i s t r ibut ion i s recognized, and i t 
i s assumed to be represented by the d i s t r ibut ion of investment opportuni­
t i e s with rate of return, as w i l l be seen in Section 6 . 3 . 1 . 
Thus, in Phase I , to characterize each investment proposal , the 
simulation begins by generating the expected prospective growth rate from 
th i s d i s t r i b u t i o n of investment opportunit ies ( e . g . , see Figure 6 - 1 ) . 
Then, the type of proposal i s determined by specifying the l i f e , the s i z e 
of i n i t i a l investment, and the expected cash-flow pattern. These parame­
ters are control led by assumed probabi l i ty d i s t r i b u t i o n s . 
Once the basic charac ter i s t i c s of an investment proposal are defined, 
a probab i l i ty tree showing a ser i e s of cash flows with condit ional proba­
b i l i t i e s i s generated. The general sequence of the simulation process 
involved in Phase I i s shown in Figure 6 . 1 and d e t a i l s of the simulation 
process w i l l be discussed according to th i s sequence. 
6 . 3 . 1 The Dis tr ibut ion of Investment Opportunities with Rate of Return g^ 
As defined in Section 6 . 3 , the d i s t r ibut ion of investment opportu­
n i t i e s with growth rate g^ can be viewed as one which describes the average 
f rac t ion f^ of d o l l a r s worth of proposals with growth g^. This growth 
rate represents the internal rate of return of the proposal . That i s , i t 
i s the rate which se t s the rece ipts equal to the disbursements of the 
proposal . 
A d i f f erent schedule of investment proposals i s considered each 
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Figure 6«rl- Overview of Phase I Simulation Process 
period, but i t i s assumed that a l l SIP are based on th i s underlying 
d i s t r i b u t i o n . Graphical ly , the re lat ionship between F^ (cumulative f^) 
and g^ can be displayed as in Figure 6 .2 i f the decis ion maker has the 
investment opportunit ies summarized in Table 6 . 1 . 
Another way to define the d i s t r ibut ion of investment opportunit ies 
would be a p lo t of the t o t a l investment amount ava i lab le at or above pro­
spect ive growth g^. However, the former approach i s adopted because of 
i t s f l e x i b i l i t y of implementation in the simulation model. 
6 . 3 . 1 . 1 Assumptions Concerning the Changes over Time of the 
Dis tr ibut ion of Investment Opportunities with Growth Rate g^» Since the 
u t i l i z a t i o n of a d i s t r ibut ion of investment opportunit ies with growth rate 
Table 6-1. Dis tr ibut ion of Investment Opportunities with Growth Rate g. 
Growth Growth Fraction of Cumulative f 
Class k Rate g Investment k 
Opportunities \ in Growth 
K. Class k ( f k ) 









. 6 . 8 
1.0 
Figure 6-2. The Dis tr ibut ion of Investment Opportunities 
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g is basic to the method of generating proposals in the simulation, two 
Iv 
assumptions regarding the time variations of the distribution are examined. These assumptions are used to examine the sensitivity of each decision criterion to be tested to changes in the rate of growth of the set of investment opportunities. These two investment situations are described below. 1. The distribution of investment opportunities with growth rate ĝ  remains constant through time. In other words, the growth rate in the total amount of investment that is available at any rate of return is constant over time [22]. This type of investment opportunity is described by Solomon [87] and others [20] and adopted in the simulation model used by Thuesen [90, Chap. 6]. 2. The distribution of investment opportunities with growth rate ĝ  keeps growing through time. This represents the situation where the increase in investment opportunities is independent of the size of the firm. The empirical evidence of Hymer and Pashigian [47] would be supportive of such an assumption. The implications of this changing distribution of investment for the optimum investment behavior of the firm is exam­ined by Elton [22]. When this distribution is used in the simulation model, ,it is assumed that the firm is exposed to more productive investment opportunities as time progresses. For either distribution of investment opportunities, the important assumption is that manage­ment's initial investment decision does not affect future investment opportunities [22], Some authors [33] who have considered different assumptions about the investment schedule (that management's initial investment decision affects future investment opportunities) propose 
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a standard growth model. However, to restrict the scope of this study, the types of distribution of investment opportunities under the assump­tion of the standard growth model are not investigated in this study. 6.3.1.2 The Shape of the Future Schedule of Investment Opportunities. To determine whether the decision criteria are sensitive to the shape of the distribution of investment opportunities, two different types of the future schedule of investment opportunities are examined. 1. Exponential Shape: Figure 6-3 shows an exponential shape where the maximum value for any ĝ  (internal rate of return) is 32% with the lower limit of 6%. The shape of this distribution reflects the fact that the firm has a greater proportion of low-return proposals avail­able than it has of high-return proposals. 2. Linear Shape: Figure 6-4 displays a linear shape in which the growth rates range from a maximum of 36% down to 6%. For this type of dis­tribution, the proportion of proposals that are expected to be sub­mitted with a particular prospective growth rate (internal rate of return) equals the proportion of proposals expected to be submitted for any other growth rate [90, Chap. 6], When this type of distribu­tion is compared to the exponential shape of distribution, the firm represented by the linear shape of distribution of investment oppor­tunities has an increase in the proportion of good investments avail­able for investment at high growth rates. The relationship between g^ and F̂  in Figure 6-4 is expressed as 
g k = .36 - .30 Fk (6-1) 
For practical reasons, the curve of the distribution of future 
t 
Figure 6 - 3 . The Dis tr ibut ion of Investment 
Opportunities (Exponential Shape) 
Figure 6 - 4 . The Dis tr ibut ion of Investment 
Opportunities (Linear Shape) 
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investment opportunities terminates at i^ « 6% for either shape of dis­tribution. In other words, the firm can invest an unlimited amount of funds at a low rate in investments that can be easily converted to cash. Both types of the distribution of investment opportunities have been discussed in the literature. In particular, Dean [20] and Thuesen [9Q, Chap. 6] have recognized this relationship between investment's growth rate and the proportion of proposals submitted for consideration in terms of an exponential type of distribution. On the other hand, Thuesen [90, Chap. 6] and Elton [22] have examined a linear type of dis­tribution of investment opportunities. In fact, the shape of the distri­bution of investment opportunities largely depends on the firm1s expecta­tion of future investment opportunities. Therefore, the particular relationships between ĝ  and F̂  displayed in Figure 6-3 and Figure 6-4 were determined subjectively. However, it is the shape of these distri­butions that is significant, and the absolute values selected should not affect the conclusions of this study. 6.3.1.3 The Shape of the Distribution of Growing Future Investment Opportunities. As discussed in 6.3.1.1, it is of interest to examine the effects of the dynamics of the Investment environment on the effectiveness of each decision criterion. The distribution of growing future investment opportunities shows an increasing proportion of good projects available for investment at a higher growth rate (internal rate of return) as time passes. For mathematical simplicity, only the linear shape for the growing investment opportunities is considered in this study. Suppose the firm starts with the linear shape of the distribution at time t = 0 as shown 
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in Figure 6-4. If 0 represents the periodic growth in the proportion of growth rate ĝ , then ĝ  for a given F̂  as a function of time t would be expressed as 
g k(t/F k) = .36 - (.30 - 0t) Fk (6-2) 
A where r- = 0 
At and at t - 0, gfc (Ffc) = .36 - .30 Ffc The arrow in Figure 6-5 indicates the time path of the schedule of investment opportunities over the study period of 20 years. In Figure 6-5, 70% of total investments could be invested at or above ĝ  = 15% at t = 0. With 0 = .01, however, the same 70% of total investments available at t = 10 would be invested at or above gfc = 22%. This 7% (22% - 15%) dif­ference in the proportion of ĝ  represents the net increased proportion of good investments available for investment at a growth rate above ĝ  = 15% during a 10-year period. In accordance with this growing pattern of the schedule of invest­ment opportunities, it is conceivable that another possibility would be for the number of investment opportunities to be reduced over time. This pattern would represent the situation where the firm has access to special opportunities yielding more than the cost of funds, but competitive forces erode these opportunities over time [22]. However, this type of decreasing schedule of investment opportunities is of less interest; therefore, this type of schedule of investment opportunities is not examined in this study. 
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6.3.1.4 Computation of Average Capital Growth Rate (g) and the Use of g in the Simulation Process. Another assumption adopted in con­junction with Thuesen's work [90] with respect to the distribution of future investment opportunities is that the total dollar value of invest­ment opportunities grows from period to period at a rate equivalent to the average capital growth rate (g). To illustrate the computation of g, consider that a firm expects to allocate the funds available at deci­sion period t to a particular set of proposals contained in the schedule of investment proposals submitted for that period. Assume a firm's expec­tation about the type of proposals that would be submitted for consideration for investment can be described by the distribution of investment opportu­nities such as shown in Figures 6-3, 6-4, and 6-5. Further assume that the firm does not invest in a proposal whose growth rate is less than the firm's minimum attractive rate of return (MARR). Then, it is possible to estimate the average capital growth rate (g) of this firm by constructing an investment function which describes the expectation of how a firm's funds are to be invested. For the exponential shape of the distribution of investment oppor­tunities shown in Figure 6-3, an investment function can be derived for a MARR of 10%, as illustrated in Table 6-1. From Table 6-1, the average growth rate (g) is computed by 
i » Z ( f k X s k > - ( 6 - 3 ) 
k 
This particular investment function indicates that on the average the firm expects to have the total dollar value of investment opportunities 
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grow from period to period at a rate equivalent to g = .19. For the linear shape of the distribution of investment opportunities shown in Figure 6-4, the computation of g is more straightforward. Since gv is expressed as a function of F v, 
gk - .36 - .30 Fk 
F -36-g g = [/ (.36 - .30F.)dF ]/[ (6-4) F • .30 
g M A R R 
Suppose MARR = gM A R R = .15; then .70 i - [/ (.36 - .30F. ) dF ]/(.70) = .255 0 
Finally, the average growth rate computation for growing investment opportunities as shown in Figure 6-5 is as follows: From Equation 6-2 and gfc = MARR = m .36-g, ~, -v(t\ = _k = r-36-m i *KZJ .30-et L.30-9tJ 
and define K = [ > 3 Q ~ m ] - .30 
then, the periodic average growth rate F i(t) = [/ (.36 - (.30 - 8t)F) dF](S (6-5) 0 F 
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[ .36-m if 0 < t < K .30-6t where 
1 
i f 
K < t < H 
Thus, for Figure 6-4, if m = .15 and 0 = .01, K - 9, then 
.255 if 0 < t < 9 g(t) = .36 - (.30 - ,01t)h if 9 < t < H This time path of g(t) is represented by A'C'B* in Figure 6-5. 6.3.2 Types of Proposals In this section, the general framework for Phase I simulation is described. In order to generate a particular proposal, the following five basic characteristics are defined: (1) The interrelationships among proposals (2) The initial investment required by the proposal (3) The proposal life (4) The rate of return (5) The cash flow patterns (timing and magnitude) 6.3.2.1 Assumptions of Independence among Proposals. The propo­sals generated in this analysis are all considered to be functionally independent as outlined in Section 5.2.4.2. The adoption of the assump­tion that the proposals are independent eliminates the necessity of gene­rating the covariances among the proposals. As discussed in Section 5.2.4.2, a meaningful assessment of covariances among the investment proposals is rather difficult to obtain for those proposals which arise 
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in the future . 
6 . 3 . 2 . 2 The Proposal 's F irs t Cost. In the s imulation, the gene­
rat ion of the proposa l ' s f i r s t cost i s based on the approach taken by 
Thuesen [ 9 0 , Chap. 6 ] . He generates the f i r s t cost of the proposal from 
a C d i s t r i b u t i o n that i s described by a mean f i r s t cost C and s i x other 
o J o 
parameters which represent three d i f f erent exponential d i s t r i b u t i o n s . 
Thus, the C q d i s t r i b u t i o n i s e s s e n t i a l l y a combination of three exponen­
t i a l d i s t r ibut ions placed so that the mean of the resu l t ing C q d i s t r i b u ­
t ion i s C q . Graphical ly , th i s re la t ionship can be depicted as in 
Figure 6 - 6 . 
\ 
Distr ibut ion 1 Dist 
x 
a 1 c 1 C 
o 
Figure 6 - 6 . Combination of Three Exponential Dis tr ibut ions 
In Figure 6 - 6 , the three exponential d i s t r ibut ions correspond to 
f ( x ) = ( l / ( c i - a i ) ) e 
- ( l / C c ^ - a . m x - a ^ 
where x > a , i * 1 , 2 , 3 
and the cumulative d i s t r i b u t i o n F(x) 
F(x) = 1 - e 
- ( l / C ^ - a ^ M x - a . ) 
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Thus, x can be viewed as 
x - a± - (c± - ajHnU - F(x)) ( 6 - 6 ) 
Therefore, by specifying a^ and c^, an exponential d i s t r ibut ion can be 
placed anywhere on the x a x i s . By placing three such d i s t r ibut ions on 
one a x i s , and by sampling from the three d i s t r ibut ions an appropriate 
freact ion of the time, i t i s poss ib le to have the expected value of a l l 
the sampling equal to C Q . TO make sure the samples drawn in th i s way 
represent those from the C q d i s t r i b u t i o n , Thuesen provides the fol lowing 
conditions that must be held between those d i s t r i b u t i o n parameters and 
the f rac t ion of time ( f^) one should sample from d i s t r ibut ion i 
( i = 1 , 2 , 3 ) : 
5 o = f l C l + f 2 C 2 + f 3 C 3 ( 6 ~ 7 ) 
f , + f 2 + f 3 = 1 
c^f- = c f and c 0 < C < c 1 1 2 2 2 — o — 3 
Two reasons are stated for using this rather complicated scheme in 
the generation of the proposal ' s f i r s t cos t . 
1 . The approximate exponential shape that r e s u l t s from th i s combination 
would generate a greater proportion of proposals with smaller f i r s t 
c o s t s . This property i s des irable because the number of smaller pro­
posals i s usual ly greater than the number of large proposals in most 
c a p i t a l budgeting s i tua t ions . 
157 
2 . This approach makes i t poss ib l e to extend the range of CQ in the 
sample with r e l a t i v e ease . Thus, i t i s poss ib le to have some reason­
able probab i l i ty of se lec t ing a C q that i s rather large r e l a t i v e to 
C q . As an example, the probabi l i ty of observing a value C q three 
times the mean in a s ing le exponential i s approximately . 0 5 , which 
i s deemed too small for th is type of simulation study. 
As the t o t a l cap i ta l of the firm being simulated grows from period 
to period, i t i s l o g i c a l to expect that the funds ava i lab le for investment 
a l so grow from period to period. Thus, i f the average cost ( C q ) of the 
investment proposals and the d i s t r ibut ion re lated to the number of pro­
posals per period are held constant, the budget a f ter some periods of 
operation would be large enough to undertake a l l the proposals contained 
in the SIP (that i s , i f they meet the minimum condit ions set by each d e ­
c i s i o n c r i t e r i o n ) . I f th i s i s the case , the e f f e c t of using d i f f erent 
c r i t e r i a becomes obscured by the fact that the decis ion rules do not have 
to discriminate when there i s no f inanc ia l constra int . I t was decided to 
hold the number of proposals constant and to have the individual proposa l 1 s 
f i r s t cost grow at the expected growth rate of t o t a l c a p i t a l , g, so that 
i t would be poss ib le to maintain a reasonable balance between the funds 
ava i lab le for investment and the t o t a l f i r s t cost of investments in each 
per iod 's SIP. An algorithm for generating the proposal ' s f i r s t cost at 
dec i s ion period t i s shown in Figure 6 - 7 . 
6 . 3 . 2 . 3 Proposal L i f e . In prac t i ce , i t i s common to observe that 
there are usual ly more investment proposals with short l i v e s than with 
long l i v e s . Therefore, the proposal l i f e i s generated from a s ing le expo­
nent ia l d i s t r i b u t i o n . However, when generating a probab i l i ty tree in 
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Figure 6 - 7 . Logic to Generate The Proposal 's F ir s t Cost 
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Section 6 . 3 . 3 , the proposal l i f e becomes a c r i t i c a l fac tor . This i s 
f ( x ) 
Figure 6 - 8 . Average L i f e Dis tr ibut ion 
Let L - the maximum proposal l i f e spec i f ied In the shi f ted 
max 
l i f e d i s t r ibut ion 
n = the average proposal l i f e 
because the t o t a l number of branches to be generated in a probab i l i ty 
tree increase exponential ly as the l i f e of the proposal increases . For 
example, i f the proposal s t a r t s with two chance elements at the outset 
and each node has two elements, then the t o t a l number of tree branches 
for a 15-year l i f e would be 2"^(=32768) . But the t o t a l number of e l e -
k 
ments would be Z 2 , where k = 1 , 2 , . . . , 1 5 . The computer time and memory 
k 
space required to generate and s tore the probabi l i ty tree for a long-
l ived project i s impract ica l . Since a large number of proposals are gene 
rated throughout the study period, i t i s necessary to l i m i t the maximum 
l i f e which a proposal can take at L ^ ^ . Thus, three parameters are used 
to def ine th i s truncated exponential d i s t r ibut ion (L . , n, L ) . 
mm max 
Read in Parameters 
L . , n , L 
min max I 
Generate Uniform 
V a c a t e ^ _ 
I 
Compute and Store 
n. = L . - (n - L . H n [ l - F(L )RN] j . mm mm max 
^ Return ^ 
Figure 6 - 9 . Logic to Generate the L i f e of Proposal j 
o 
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L . = the maximum proposal l i f e allowed in the l i f e d i s t r ibut ion 
min 
Without the truncated l i f e , 
F(n) = [1 - e ] 
Then, the truncated F(n) would be 
- ( l / ( n - L . ) ) ( n - L ) 
F(n) = (1/F(L ) ) [ 1 - e m l n m ± n ] max J 
Thus, the proposal l i f e i s determined by 
n • Lmin " [" " W*n[1 " F ( L m a x ) F ( n ) ] (6"8) 
This probab i l i ty d i s t r i b u t i o n i s considered to remain constant 
throughout the study period. An algorithm for generating the proposal 
l i f e n i s shown in Figure 6-9. 
6.3.2.4 Expected Rate of Return for a Proposal E [ g ^ ] . In the 
s imulat ion, the expected growth rate E[g^] for a proposal i s se lected 
through the fol lowing s t eps : 
1. Ident i fy the investment environment (constant versus growing d i s t r i ­
bution of investment oppor tun i t i e s ) . 
2. Ident i fy the type of the d i s t r i b u t i o n of investment opportunit ies 
(exponential v e r s i s l i n e a r ) . 
3. Generate a uniform random var ia te y ( 0 , l ) = RN. 
4. Determine g^ (see Section 6 .3 .1) : 
I f the d i s t r i b u t i o n of investment opportunit ies i s exponential 
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in shape, this selection is easily accomplished. Since the distribution of investment opportunities with is shown as a cumulative distribution, the Monte Carlo sampling can be made directly. If the distribution of investment opportunities is a linear shape, then it is defined as follows: For constant investment opportunities: 
gk = .36 - .30(RN) 
For growing investment opportunities: 
gk = .36 - (.30 -.10(t-l)(RN)) 
The logic to generate ĝ  is shown in Figure 6-10. 6.3.2.5 Expected Cash-Flow Pattern. In order to generate the series of cash flows to be represented by a probability tree, it is neces­sary to identify the expected pattern of a proposal's cash-flow receipts series. Once a proposal's first cost C. , its life n., and its rate of return ĝ . are known, it is possible to determine the expected amount and timing of its cash flows, provided its cash-flow pattern is known, In this simulation, four basic cash-flow patterns are used to generate the probabilistic cash flows: (1) Single Payment (2) Uniform Series (3) Gradient Series (Increasing) (4) Gradient Series (Decreasing) By using combinations of the gradient series patterns and the uniform series pattern, it is possible to generate an unlimited number of 
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var ia t ions of these patterns in the s imulation. The descr ipt ion of how 
the uniform ser i e s and gradient ser i e s are combined i s given as fo l lows: 
1 . Combination of the uniform ser i e s and increasing gradient s er i e s 







Figure 6 - 1 1 . Combination of the Uniform Series 
and Increasing Gradient Series 




( n . - l ) G . 
M f f, 
j o 
Figure 6 - 1 2 . Combination (Uniform Series + Gradient Series) 
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I t i s important to recognize that the cash-flow patterns in Figure 6-11 
and Figure 6-12 can be obtained from a combination of two uniform ser ies 
cash flows such as shown in Figure 6-13 
Uniform Series 2 
i 
1 - {' 
4 . i 
• i v * 
111 r t r i 
0 1 2 
C. 
3 
«- R , 
} R 
Figure 6 - 1 3 . Combination Uniform Series 
The conversion of the segment of the uniform ser i e s in Figure 6-13 to 
the increasing or decreasing portion of the ser ies shown in Figure 6-11 
or Figure 6-12 requires the p r o j e c t ' s ra te of return. The computations 
that transform Figure 6-13 into e i ther Figure 6-11 or Figure 6-12 are 
as fo l lows: 
For increasing gradient s e r i e s : 
A/G g , n A/G g , n 
R 2 « G ( 3 J ) G - R 2 / ( 2 3 
n 
where (A/G g . , n ) = [ 
J 3 S J d + 8 ; J ) N J - i 
For decreasing gradient s e r i e s : 
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A/G g , ri A/G g ,n 
R 2 - (n - 1)G - G ( J J ) , Gj = R 2 / ( n j - 1 - ( J J ) 
Therefore, a var ie ty of these combinations can be achieves by contro l l ing 
the s i z e of R. r e l a t i v e to R, where R = R, + R„ = C. ( A ^ P S i , n j ) and 2 1 2 j o J J 
A/P e n 5 * \ J - ' & i / J 
^ -i . \ n . _ 
(1+gj ) j - 1 
See Figure 6 - 1 3 . I t i s evident that the larger R 2 i s r e l a t i v e to R, the 
larger the gradient ser ies portion of theseries shown in Figure 6-11 and 
Figure 6 -12 . The smaller R 2 > the c loser the ser i e s of Figure 6-11 and 
Figure 6-12 w i l l approach to a uniform s e r i e s . 
In the simulation a part icu lar cash-flow pattern i s randomly gener­
ated for each proposal from a predetermined d i s t r ibut ion of cash-flow 
shapes. I f the cash-flow pattern se lected i s a gradient ser ies cash flow, 
a random choice i s made between the increasing ser ies and the decreasing 
s e r i e s . Then the value of R 2 r e l a t i v e to R i s determined in the simulation 
by a f rac t ion f that i s a random var iable such that 
R 
0 £ f R < 1 
and that R 1 = f R R 
R 2 = (1 - f R ) R 
Thus, when f i s se lected for e i ther of the two combination s e r i e s , the 
R 
fol lowing d i s t i n c t i v e cash-flow patterns resu l t for the part icu lar values 
of f shown below: 
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I f f = 0. , the resu l t ing ser ies i s s t r i c t l y a gradient ser i e s 
R 
I f f = 1. , the resu l t ing ser i e s i s s t r i c t l y a uniform ser i e s 
R 
I f 0 < f < 1. , the resu l t ing ser i e s i s a combination of a uniform 
R 
ser i e s and a gradient ser ies 
Symbolical ly , 
= the probabi l i ty of observing a s ing le payment from 
the cash flow d i s t r i b u t i o n 
Q| - 1 - = probabi l i ty of a ser ies payment type cash flow 
Q2 = the probabi l i ty of the cash flow being a combination 
of decreasing s e r i e s , i f the proposal i s a ser ies 
payment type cash flow 
Q2 = 1 - Q2 = t n e probab i l i ty of the cash flow being a combination 
of increasing ser ies 
The computations of the expected cash-f low ser ies for a s ing le proposal 
j are given in Equation 6-9 and the l og i c to generate E[F t ]_ . i s shown in 
Figure 6-14. 
E[F 1.= R- . + F . ( t - l ) , for increasing ser ies 
t j l j j 
E[F ] . = R- . + (n. - 1)G. - G . ( t - l ) , for decreasing ser i e s 
t j ± j J J J ( 6 _ 9 ) 
6.3.3 The Generation of P r o b a b i l i s t i c Cash Flows 
This sect ion i l l u s t r a t e s the procedures for constructing a proba­
b i l i t y tree for a given proposal based on the f i v e basic charac ter i s t i c s 
defined in Section 6 .3.2. 
6.3.3.1 The Number of Elements Originating from Each Node in a 
Probabi l i ty Tree. To i l l u s t r a t e what i s meant by the number of elements 
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Read in Parameters 
V V 8 J ' Q l ' Q 2 ' Q 3 
Generate a Uniform Variate 




E E F J J - C j o ( l + g . T j 
n, 
A Series-Payment 
,A/P g . , n . . 
Compute R = C ^ q ( J j ) 
i 
Generate Uniform Variates 
RN2 = y ( 0 , l ) , R N 3 = y ( 0 , l ) and f R = RN 3 




Compute R 2 
G ~ [ n i - i " ( A / G 8 j , n j 
Compute F[F 1 -J -J 
Increasing Series 
Compute G = R j [ ( A / G 8 j , n j ) ] 
Compute E [ F t ] . 
•fr^Return ^ 
Figure 6 -14 . Logic to Generate Expected Cash Flow Series for Proposal j 
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or ig inat ing from a node, consider a proposal having a two-year l i f e as 
shown in Figure 6 - 1 5 . The proposal would have two poss ib le r e c e i p t s , 
1?11 and F-̂ 2» a t t * i e e n c * ° ^ Period 1 . These two poss ib le paths of rea l i ­
zation of cash rece ipts are defined as two elements or ig inat ing from 
Node \ 0 1 ) . I f at the end of Period 1 , element F ^ i s r e a l i z e d , then 
Node Q J ^ in Figure 6-15 i s assumed to ant ic ipate two poss ib le elements 
at the end of Period 2 (J?2i a n c * ^22^' I n t * i e s a m e mamier, i f F.^ * s 
rea l ized at the end of Period 1 , Node (12) i s assumed to have only two 
probable cash r e c e i p t s , F^^ and F 2 4 » a t t * i e e n c * ° ^ Period 2 . Therefore, 
n i 
the t o t a l number of elements in the probabi l i ty tree equal 6 ( = E 2 ) 
i = l 
and the t o t a l number of branches which i s a sequence of r e a l i z a t i o n of 
elements, becomes 4 . 
Period 0 Period 1 Period 2 
Figure 6 - 1 5 . Probabi l i ty Tree with Two-Year Investment L i f e 
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As shown above, i t becomes evident that the t o t a l number of elements 
in a probabi l i ty tree with an investment l i f e of n years increases at the 
n i 
rate of Y s £ Y , where Y i s defined as the number of elements or ig inat ing 
1=1 
from a s ing le chance node. For example, a proposal with a 10-year l i f e 
10 . 
w i l l have to generate 1 ,024 branches with elements of 1 2 in i t s prob-
i = l 
a b i l i t y t r e e . I f every node in the probabi l i ty tree for the proposal has 
three elements rather than two, then the t o t a l number of elements to be 
10 t 
generated would be £ 3 . Thus, i t i s evident that the larger value of 
1=1 
" Y » " the greater the complexity of the tree with the computation quickly 
becoming impract ica l . 
The decis ion of how many elements emanating from each node should 
be made i s c l o s e l y re lated to the determination of v a r i a b i l i t y of the 
probab i l i ty d i s t r ibut ion of return at that chance node. In a probabi l i ty 
t r e e , the addit ion of a large number of elements can serve to represent 
any empirical probabi l i ty d i s t r ibut ion which approximates a chance event 
occurring at that part icu lar node. For example, in Figure 6 - 1 6 , chance 
event Node 12 can be made more to c l o s e l y approximate the desired con­
tinuous probabi l i ty d i s t r ibut ion by increasing the number of elements as 
shown in Figure 6 -16(a) [ 4 1 ] . As the number of elements decrease, a 
greater v a r i a b i l i t y in the empirical probabi l i ty d i s t r i b u t i o n i s expected. 
Thus, when a probabi l i ty tree i s constructed based on a smaller value of 
" y , " the value of knowing the r e a l i z a t i o n of a part icu lar sequence of cash 
flow w i l l be more pronounced. Therefore, in th i s study, the lowest p r a c t i ­
ca l l e v e l for the value of "y" at a node i s set to two. 
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(a) Two-Element (b) Increased Number (c) Continuous 
Dis tr ibut ion of Elements Dis tr ibut ion 
Return Return Return 
Figure 6 - 1 6 . Probabi l i ty Dis tr ibut ions at Chance Nodes 
6 . 3 . 3 . 2 Probabi l i ty Assessments at Chance Nodes. The probabi l i ty 
assessment at each node i s carried out by generating a uniform random 
var ia te (P) and assigning th i s probabi l i ty to one element or ig inat ing at 
that chance node and the complementary probabi l i ty (1-P) to the other 
element. This i s because at each chance node the sum of the p r o b a b i l i t i e s 
of occurring elements must be equal to 1 . 
In the s imulation, for the probabi l i ty tree shown in Figure 6 - 1 5 , 
a uniform random deviate i s generated at Node (o^; then the values 
and 1 - are stored as the p r o b a b i l i t i e s of rea l i z ing cash rece ipts 
F ^ and F ^ > respec t ive ly . Consequently, at Node another uniform 
random deviate i s generated and assigned to cash rece ipt T ? ^ a s the 
condit ional probabi l i ty that element F -̂̂  w i l l be rea l ized at the end of 
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Period 2 . Then the value of 1 - i s assigned to element a s the 
condit ional probab i l i ty that element 7 ^ w i l l be rea l ized at the end of 
Period 2 . In the same manner, at Node > a uniform random var ia te U, 
i s generated and stored as the condit ional probabi l i ty of rea l i z ing 
element F 0 ~ for given Node ^ 2 ) and so on. 
6 . 3 . 3 . 3 Assessments of Cash Flows at Chance Nodes. Once a pro­
p o s a l ' s f i r s t cost i t s l i f e n^., and i t s condit ional p r o b a b i l i t i e s in 
the probabi l i ty tree are determined, the f i n a l task i s to assign the cash 
rece ip t s to the chance nodes in the probabi l i ty t r e e . In order to simu­
l a t e the magnitude of the random cash rece ipts occurring at chance nodes 
in the probabi l i ty t ree , a knowledge of the probab i l i ty d i s t r ibut ions of 
the cash rece ipt s occurring at those chance nodes i s required. 
More s p e c i f i c a l l y , l e t F be the random var iable which takes on 
th 
the value of the net cash flow during the t year, where t - 0 , l , 2 , . . . , n . 
In the s imulat ion, F i s assumed to have a normal d i s t r ibut ion with a 
known mean, E[F ] , and known standard deviat ion , a . A normal d i s t r i b u -
t F t 
t ion i s used because of i t s s i m p l i c i t y ; i t requires only two parameters 
to describe f u l l y the charac ter i s t i c s of the d i s t r i b u t i o n . 
I t i s recognized that these assumptions regarding F often w i l l 
not be completely j u s t i f i e d . In f a c t , depending on the various investment 
s i t u a t i o n s , a number of d i f f erent probab i l i t y d i s t r ibut ions could be used 
to determine the cash r e c e i p t s . However, as indicated by H i l l i e r [ 4 3 ] , 
i t would seem that , for many types of prospective cash f lows, the best 
subject ive probabi l i ty d i s t r ibut ion would be a nearly symmetrical one 
resembling the normal d i s t r i b u t i o n . Further, H i l l i e r points out the fac t 
that by the Central Limit Theorem, the actual d i s t r ibut ion of F can 
t 
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sometimes deviate considerably from the normal d i s t r ibut ion without s i g ­
n i f i c a n t l y a f fec t ing the f i n a l r e s u l t s . 
In Section 6 . 3 . 2 . 5 , the expected cash-flow ser i e s E[F f c ] i s computed 
based on the proposal 's f i r s t cost Cj Q > i t s l i f e , and i t s rate or return 
g j . Therefore, by u t i l i z i n g E [ F t ] as the mean of the d i s t r ibut ion of cash 
rece ipts occurring at the chance nodes of period t and by specifying the 
appropriate variance, i t i s p o s s i b l e to generate a unique probabi l i ty tree 
for each proposal . 
1 . Series Payment. To i l l u s t r a t e the basic simulation techniques i n ­
volved in the generation of cash rece ipts at the chance nodes, con­
s ider a proposal whose f i r s t c o s t , l i f e , expected cash flows and con­
d i t i o n a l p r o b a b i l i t i e s are given in a probabi l i ty tree as shown in 
Figure 6 - 1 7 . 
© 
$F 21 
P r o b ( F 0 1 ) 
* F 0 1 " C o V2i 
P r o b ( ^ > © $ F 2 4 
" E [ F ] 
* E [ F 2 ] 
0 1 2 
o 
Figure 6 - 1 7 . Probabi l i ty Tree and Expected Cash Flows 
with Two-Year's Investment L i f e 
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The standard deviat ions of E [ F t ] are spec i f ied in terms of a per­
centage of the respect ive mean E [ F t ] as shown in Equation 6 - 1 0 . I t 
i s a l so recognized that the assumption regarding the re lat ionship be ­
tween the mean and the standard deviat ion in Equation 6-10 w i l l not 
be completely j u s t i f i e d . However, I t would be reasonable to assume 
that greater v a r i a b i l i t y would often accompany higher mean values (see 
Levy [ 5 3 ] ) , and i f th i s i s the case, the use of Equation 6-10 would be 
one of the simplest ways to define the re lat ionship between the mean 
and the standard deviat ion with respect to the s i z e of the cash receipt , 
a_ = 3E[F ] t = 1 , 2 , . . . , n (6 -10 ) 
F t t 
Then, for t = 0 , F^^ at Node (OlJ represents the proposal ' s f i r s t c o s t , 
which i s assumed to be known with certa inty . Thus F_- i s C i t s e l f . 
01 o 
F m = C 01 o 
For t = 1 , there are two elements ( F ^ and F ^ ) which can be assumed 
2 
to be d i s tr ibuted normally with n ( E [ F - ] , O ) . In the s imulation, two 
1 F l 
normal random deviate n ^ ( 0 , l ) and ^ ( O , ! ) are generated and the events 
F^^ and a r e computed as 
F l l = E [ F 1 ] + Q F ( V 0 , 1 ) ) 
F 1 2 = E [ F 1 ] + a F ( r i 2 ( 0 , 1 ) ) 
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1 F 2 
Figure 6 -18 . The Sampling Dis tr ibut ion at Period One 
For t = 2 , there are four elements (F 2^> ^22' F 2 3 * F 2 4 ^ w n ^ c ^ a r e a ^ - s o 
2 
assumed to be normally d is tr ibuted with r i ( E [ F 0 ] , a ) . Therefore, 
2 
2 
four samples are drawn from the d i s t r ibut ion of n ( E [ F 0 ] , 0" ) ; they 2 F 2 
are: 
21 E [ F 2 ] + a ( N 3 ( 0 , l ) ) 
22 E [ F 2 ] + a p ( N 4 ( 0 , l ) ) 
?23 = E [ F 2 ] + a F 2 < V 0 , 1 ) ) 
24 E [ F 2 ] + a ( N 6 ( 0 , D ) 
The v a l i d i t y of using th i s approach to generate the random cash 
rece ipt s at the chance nodes in the probabi l i ty tree can be e a s i l y 
supported. For example in Figure 6 - 1 7 , suppose that Branch 1 
( 2 3 ) ) i s r ea l i zed . Then, th i s path i s equivalent to 
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2. 
r e a l i z i n g the sequence of cash flows F^^ F ^ F ^ . Before 
assigning any values to t h i s sequence of cash f lows, F ^ and F ^ are 
random var iab le s . However F ^ and F ^ are to be drawn from the d i s -
2 2 
t r ibut ions of n(E[F 1, a ) and n ( E [ F 0 ] , Q_ ) , re spec t ive ly . Then, 
1 F l 2 F 2 
the expected cash-f low ser ies for th i s branch would be F m = C 
u± o 
E [ F - - ] + E [ F 0 1 ] , which in turn i s equivalent to C + E [ F . ] + 11 1̂ o 1 
E [ F 2 ] • The same argument appl ies to Branch 2 , Branch 3 , and 
Branch 4 such that the probabi l i ty tree generated from th i s simula­
t i o n technique i s expected to have a sequence of cash flow of C 
o 
E[F^] -*• E [ F 2 ] . This approach proved to be very successful in the 
generation of probabi l i ty trees for the simulation model. 
Single Payment: The generation of a probabi l i ty tree for a proposal 
with a s ing le payment i s a spec ia l case of s er i e s payment. Since the 
cash rece ipt occurs only at the end of l i f e , the shape of the a s s o c i ­
ated probabi l i ty tree i s depicted in Figure 6 - 1 9 . 
$F 
* F 1 1 - ° 
$ F n = 0 
0 — © . 
Prob(F )=1 P r o b ( F 2 1 ) = l 
h n-1 n 
Figure 6 - 19. Probabi l i ty Tree Associated with Single Payment 
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The basic procedure involved in the generation of the type of proba­
b i l i t y tree shown in Figure 6 - 1 9 can be outl ined as fo l lows: 
a) Probabi l i ty Assessment 
I f t < n - 1 , probab i l i ty (F ) = 1 
I f t = n , generate a uniform random deviate 
u ( 0 , l ) and l e t 
P r o b ( F n l ) = y ( 0 , l ) 
P r o b ( F n 2 ) = 1 - y ( 0 , l ) 
b) Cash Flow Assessment 
Iff t - 0 , F Q 1 = C G 
I f 0 < t £ n - 2 , F t l - 0 
I f t - n - l , generate two normal random deviates 
ri 1 ( 0 , 1 ) and n 2 ( 0 , l ) , a n d l e t 
F n l " E [ F n ] + 0 F ^ i C 3 ' 1 ) ) 
n 
F n 2 - E [ F n ] + a F ( n 2 ( 0 , i » 
n 
An algorithm to generate a probab i l i ty tree i s shown in Figure 6 - 2 0 , 
and the deta i led simulation l o g i c for Phase I simulation i s a l so 
given in Figure 6 - 2 1 . 
6 . 3 . 4 The Number of Proposals per Period 
The number of proposals per decis ion period for a part icu lar firm 
may be a constant or a random var iab le . I f the number of proposals i s 
considered to be a random v a r i a b l e , a normal d i s t r ibut ion truncated at 
the l e f t may be used because the minimum number of proposals to be con­
sidered in a given period i s considered to be one. 
Because the time to simulate the probabi l i ty trees and to solve a 
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Read in 
n . , C. , E[F ] , F^ 
I n i t i l i z a t i o n 
1 = 0 
L = 0 , F Q 1 C. 
I I + l 
L = 2**1 
Generate u ( 0 , l ) 
U = y ( 0 , l ) 
P I J = U > P I J + 1 = 1 " U 
Generate n ( 0 , 1 ) , n 2 ( 0 , l ) 
F X J = EfFj] + a p 1 ^ ( 0 , 1 ) Ft.t +i = E^ Ft] + ^ n 2 ( 0 , l ) 
Figure 6 - 2 0 . Logic to Generate a Probabi l i ty Tree 
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Phase I Simulation 
Read in N (number of proposal|s) T 
I n i t i l i z a t i o n -
K = 0 
I 









Generate E[F ] . 
n J j 
1 
Generate Probabi l i ty 
Tree 
No 
Figure 6 - 2 1 . The Detai led Simulation Logic for Phase I Simulation 
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linear integer programming code increases significantly with the number of proposals in a SIP, it is necessary to hold the number of proposals to the lowest practical level. Thus, it is important to determine the num­ber of proposals in a SIP that when increased will have little effect on the results but when decreased will have significant effect on the results. Three test runs (five proposals, ten proposals, and 20 proposals per period) were made to examine the effects of the number of proposals per period on the variation in the values obtained for the capital growth rate. It is found that the variation in the values obtained for the capital growth rate is not appreciably reduced when more than 15 proposals are used. On the other hand, the variation of the capital growth increases noticeably when runs of five and ten proposals per period are made (more than 25%). Thus, by this process of elimination, it is believed that the fixed fifteen proposals per period would provide reliable results more efficiently. 6.3.5 The Number of Decision Times in a Study Period The number of decision periods in a study period directly affects the simulation time, since numerous calculations must be made at each decision point. Therefore, it is necessary to utilize as short a study period as possible. However, it is also necessary to have sufficient decisions so that the effect of making decisions on a regular periodic basis would have time to stabilize and more tests of the criteria could be made. If the study period is too short, proposals with lives longer than the study period would not exert their full effect on the decision process. In the simulation, the number of decision times in a study period is set to H - 20, which is at least four times as great as the average life of the proposals in the SIP. 
1 8 1 
6 . 4 Appl icat ions of Decision Cr i t er ia to SIP and 
Computations of S t a t i s t i c s 
6 . 4 . 1 Start ing Conditions 
Since th i s study i s primari ly concerned with the process of making 
c a p i t a l budgeting decis ions for a firm that i s in f u l l operation, spec ia l 
provis ion i s made for generating cash rece ipts from hypothet ical inves t ­
ments made prior to the i n i t i a l dec is ion point for the study period. The 
i n i t i a l amount of do l l ar s BQ ava i lab le at the f i r s t decis ion time ( t = 0 ) 
i s assumed to be composed e n t i r e l y of rece ipts generated by previously 
implemented p r o j e c t s . Accordingly, the amount of funds B^ ava i lab le for 
investment at decis ion time t - 1 can be viewed as cons is t ing of the cash 
rece ipts coming fue at t = 1 for those investments made before t = 0 , 
plus those rece ipts coming due at t - 1 for those investment made at t = 0 . 
In a s imi lar manner, B^ can be viewed as cons is t ing of the rece ipts R^ 
coming due from investments made prior to t = 0 and the rece ipts coming 
due from the investments made at t = 0 and t = 1 . Therefore, as t i n ­
creases , the contribution from those investments to the budget ava i lab le 
at t ( B T ) decreases, while the contribution from the investments made at 
t " 0 and l a t e r increases . Ul t imate ly , a l l the investments made prior to 
t - Q eventually w i l l be terminated and the ir contribution to the budget 
w i l l become zero . Thus, in the s imulat ion, when the contribution from 
those investments made prior to t - 0 i s minimum, the firm i s said to 
have reached a s teady-s tate condit ion. 
In an attempt to approximate the s teady-s ta te conditions of an 
operating firm with the f i r s t few decis ion times of a simulation run, i t 
i s necessary to estimate the values R , where R i s the cash rece ipts 
1 8 2 
coming due at t for those investments made before t = 0 . Thuesen [ 9 0 , 
Chap. 6 ] , in his simulation model, develops a simple methodology to derive 
a meaningful estimate of R fc as a function of t . To obtain th i s estimate 
of R fc with a reasonable amount of computation, he assumes that a l l inves t ­
ments made prior to t = 0 would be uniform ser ies investments with a l i f e 
equal to the average l i f e of the proposals in the SIP's and with a rate 
of return equal to the average c a p i t a l growth rate g of the firm. He 
a l so argues that even though the proposals appearing in the SIP's do not 
have th i s uniformity assumption, i t should be noted that the combination 
of many proposals with d i f f erent cash receipt patterns and d i f f erent l i v e s 
can r e s u l t in a ser ies cash flow that approximates a uniform s e r i e s . Based 
on t h i s assumption, he derives an equation to estimate B f c as a function 
of i n i t i a l input parameters BQ, g, and n. 
B t * B t - l C 1 + S ) 
« B Q ( 1 + i ) * ( 6 - 1 1 ) 
where t = l , 2 , . . . , n - 1 , 
n - the average l i f e of investment 
proposals in the SIP's . 
In t h i s s imulation, th i s methodology i s d i r e c t l y applied to estimate B t 
over the f i r s t phase of dec is ion periods . 
6 . 4 . 2 Cash Flow Real izat ions and Their Effect on Future Budget 
As described in Section 6 . 4 . 1 , the amount of funds ( B t ) ava i lab le 
for investment at decis ion time t i s : 
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N t - l 
B = £ £ M + R , t > 1 (6 -12 ) 
* j 1=0 J " c 
and represents the rece ipt coming due at time t from the investment 
j made at decis ion time i . In order to determine the s i ze of the budget 
at decis ion time t , ( B t ) , i t i s necessary to keep track of a l l r ea l i za t ions 
of cash flows associated with proposals undertaken before the current 
dec i s ion time t . Since a l l proposals are represented in a probabi l i ty 
tree format, a part icu lar cash flow occurring at time t i s randomly s e l e c ­
ted from a uniform d i s t r i b u t i o n for each proposal . 
To v i s u a l i z e the simulation process , consider proposal j whose 
probab i l i ty tree i s shown in Figure 6 - 2 2 . in Figure 6 - 2 2 , the path 
(o^ •+ •+ (23) •+ represents the actual r e a l i z a t i o n of the cash 
flows associated with proposal j so that only th i s information i s kept in 
the simulation as simulation progresses . However, i t must be understood 
that at the time when the project i s proposed, complete information about 
the probab i l i ty tree i s required to ca lcu la te the s t a t i s t i c s for each 
decis ion c r i t e r i o n . 
6 . 4 . 3 Select ion of Proposals with Budget Limitations 
A l l dec is ion c r i t e r i a discussed in Chapter V require the se l ec t ion 
of proposals that maximize the ir objec t ive function without allowing for 
the acceptance of f rac t iona l proposals . Under the assumption that pro­
posals considered at each decis ion period are independent (see Section 
5 . 2 . 4 and Section 5 . 3 ) , the optimization technique to be used in the 
project s e l ec t ion i s zero-one integer programming. However, the structure 
of the dec is ion problem in th is study i s to maximize an objec t ive function 
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Figure 6-22. Time Path of Real izat ions of Cash Flows 
with a s ing le budget constra int , which r e s u l t s in a general knapsack 
problem. Therefore, a zero-one knapsack subroutine i s u t i l i z e d for the 
optimal s e l ec t ion of proposals for each decis ion period [ 1 0 3 ] . 
6.4.4 The Horizon Value as a Measure of Effect iveness 
The bas i s for comparing the e f fec t iveness of d i f f erent dec is ion 
c r i t e r i a discussed in Chapter V i s the ir a b i l i t y to maximize the t o t a l 
accumulation of a f i rm's cap i ta l over a sequence of dec i s ions . In th i s 
study, th i s accumulated c a p i t a l or "horizon value" at a part icular deci­
sion time t = T i s defined as the present worth at time T of the future 
rece ipts of investments that extend beyond T but were made on or before 
time T [90 , Chap. 6 ] . Therefore, by d e f i n i t i o n , a proposal j with rate 
of return g undertaken at time T has an unrecovered c a p i t a l of 
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oo T-t (6 -13) 
Thus, in the s imulation, each proposal j that i s undertaken by the firm 
at a period t needs to be c l a s s i f i e d by i t s rate of return to compute 
the t o t a l cap i ta l at decis ion time t . 
Since each proposal i s represented by a probabi l i ty t r e e , ĝ  should 
be computed from the actual r e a l i z a t i o n of a cash-flow path in the tree 
as shown in Figure 6 - 2 2 . This requires accounting for a l l the sequence 
of cash-flow r e a l i z a t i o n s for each proposal undertaken during the decis ion 
per iods . 
Once the respect ive ra te of return for each proposal undertaken i s 
i d e n t i f i e d , then the cash flows for a l l proposals with a certain rate of 
return g.. are combined as to amount and timing. As an example, suppose 
Proposals A, B and C are undertaken at t = 0 , 1 , 2 , respec t ive ly . The 
cash flows and the ir rates of return ĝ  are given in Figure 6 - 2 3 . The 
t o t a l c a p i t a l at T = 2 would be 
Thus, in general , the t o t a l c a p i t a l at decis ion time t = T i s defined as 
Total Capital (T = 2) = [ F ^ + F ^ U + g ^ " 1 ] 
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Figure 6 - 2 3 . I l l u s t r a t i o n of the Total Capital Concept 
6 . 4 . 5 Repl icat ion of Simulation Runs 
In order to compare the e f fec t iveness of one dec is ion cr i t er ion 
with another, each of the c r i t e r i a being considered i s applied to the 
same set of proposals each decis ion period. A completion of one simula­
t ion run includes 20 decis ions over 20 per iods , and a completion of one 
simulation run produces a s ing le value of t o t a l cap i ta l (horizon value) 
determined for each cr i t er ion being t e s t ed . 
Since the amount of wealth (horizon value) accumulated in each 
simulation run i s a random v a r i a b l e , several simulation runs must be made 
to compute the mean of these horizon values and the v a r i a b i l i t y of the 
values about the ir mean. For the same investment s e t t i n g , 10 runs are 
made in th i s study. The decis ion of how many runs should be made for a 
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par t i cu lar set of parameters can be determined by the v a r i a b i l i t y that i s 
observed in the t o t a l cap i ta l f igure a f ter some preliminary runs are made. 
In general , as the number of sample s i ze s (s imulation runs) i n ­
creases , the v a r i a b i l i t y that i s observed in the t o t a l cap i ta l f igure i s 
expected to decrease [ 9 0 , Chap, 6 ] . Therefore, preliminary runs are made 
at 20 simulation runs but no appreciable improvement (only 7% reduction 
in v a r i a b i l i t y ) i s rea l ized from these addit ional runs. On the other hand, 
when preliminary runs are made at f i v e simulation runs, the increase in 
v a r i a b i l i t y observed in the t o t a l cap i ta l f igure amounts to 22%. There­
f o r e , in th i s study, the sample s i z e i s f ixed at 10 runs. 
Then runs a lso are bel ieved to be a reasonable compromise between 
l imited computer time and the d e s i r a b i l i t y of accuracy in most of the 
simulation r e s u l t s . The actual computer time required to complete 10 
runs var ie s considerably, depending on the type of proposals being 
generated. When a l l the proposals have a single-payment type of cash 
f low, i t takes approximately 1 .20 minutes to generate data for 10 runs, 
around 6 minutes to compute the s t a t i s t i c s required by each decision c r i ­
t er ion , and around 25 minutes to so lve 10 l inear programming problems 
formulated by Weingartner T s Horizon Model. On the other hand, when a l l 
proposals are a series-payment type of cash f low, i t takes around 5 minutes 
to generate only input data for the 10 runs ( 3 , 0 0 0 proposa l s ) , approxi­
mately 8 minutes to compute a l l the s t a t i s t i c s required by each decis ion 
c r i t e r i o n , and around 33 minutes to solve 10 l inear programming problems 
formulated by the horizon model. These computer times do not include any 
input-output time required by the CDC Computing System at the Georgia 
I n s t i t u t e of Technology. 
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CHAPTER VII 
THE SIMULATION RESULTS AND ANALYSIS 
In t h i s chapter, the simulation re su l t s produced by the models 
described in Chapter VI are presented and analyzed. To provide a back­
ground regarding the various simulations undertaken, the basic investment 
s i tuat ions are described. In th i s study, three types of investment s i t u ­
at ions are described and the ir spec i f i c investment parameters are defined. 
The simulation re su l t s based on these investment se t t ings are compared, 
and the performance of the PB c r i t e r i o n as compared with the decis ion 
c r i t e r i a i s discussed. To examine the e f f e c t s of c r i t i c a l input param­
eters on the performance of each decis ion c r i t e r i o n , the s e n s i t i v i t y of 
the spec i f i c input parameters are analyzed and conclusions are presented. 
7 . 1 Introduction 
The primary questions to be answered by th is study can be summa­
rized as fo l lows: 
1 . What improvement in proposal se l ec t ion can be attained with bet ter 
information regarding the manner in which the cash flow uncertainty 
i s resolved over time? 
2 . I s the projec t balance (PB) c r i t e r i o n an e f f e c t i v e decis ion c r i t e r i o n 
when the cr i t er ion i s applied to the mul t i - s tage cap i ta l budgeting 
dec is ions? How does the PB c r i t e r i o n perform with respect to the 
other three c r i t e r i a discussed in Chapter V? Also of i n t e r e s t , how 
do the three c r i t e r i a compare with each other when investment 
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decisions are made on a regular periodic basis? (Recall that the purpose of the inclusion of the expected utility criterion is not to draw a firm conclusion on the effectiveness of the criterion as compared to other criteria, but to provide the reader with some in­ference about the criterion (see Section 5.3.4). 3. How sensitive are these criteria to changes in the significant parameters associated with a regular periodic decision process? 4. How much can one improve his investment decisions with perfect know­ledge of future investment opportunities? To gain answers to these questions, it is necessary to apply deci­sion criteria to different investment settings. 
7.2 Types of Investment 7.2.1 Definition As described in Chapter VI, there are various parameters that characterize the underlying framework of the investment decision process. Using different combinations of these parameters, it is possible to pro­vide a variety of investment situations. 7.2.1.1 Future Investment Opportunities. Two distinctive future investment opportunities are defined for this study. 1. The Schedule of Future Investment Opportunities Remains Constant. This classification indicates that the distribution of investment opportunities with rate of return ĝ  remains constant through time. In other words, the fractions f̂  and the rates of return ĝ  remain constant throughout the study period (see Section 6.3.1.1). In par­ticular, the shape of the schedule of investment opportunities is 
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considered to be either exponential or linear, as shown in Figure 6-3 and 6-4. 2. The Schedule of Investment Opportunities. This classification indi­cates that the proportion of good investments at a higher growth rate (rate of return) is increasing as the number of decision periods in­creases. In other words, the firm is expected to be seeing better investment opportunities in the future. The shape of the distribution of the schedule of investment opportunities considered in this category is the one presented in Figure 6-5. For each of the two investment situations described above, there are two classes of expected cash-flow patterns. They are defined as follows: 1. Heterogeneous. This classification indicates that there is a wide variety of expected cash flow patterns being considered at any decision period. Thus, the decision maker is faced with proposals whose expec­ted cash-flow patterns are uniform series, single payment, and gradient series. Recall that all proposals are to be expressed in a probability tree format which is based on one of these expected cash-flow patterns. Thus, in this case the analysis considers diverse probability trees in terms of the magnitude and timing of cash flows. 2. Single Payment. This classification indicates that all proposals being analyzed are described by a single-payment probability tree (see Section 6.3.3). An investment situation that is classified as single payment is utilized in the analysis to provide an investment setting because the cash flow of the proposal is realized in a single lump at the end of its life 
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and no rece ipts from those proposals w i l l be ava i lab le for investment for 
the intervening periods . As an example, the commitment of funds to a 
single-payment proposal with a 10-year l i f e may mean that some very l u c ­
r a t i v e proposals would be foregone during those intervening per iods , due 
to the lack of cash to finance these des irable proposals . 
The heterogeneous c l a s s i f i c a t i o n i s designed to represent the 
types of proposals that many investment firms are expected to generate 
during normal operating condit ions . Since i t i s bel ieved that there i s 
s i gn i f i cant s i m i l a r i t y between the actual decis ion s i tuat ion and the 
heterogeneous type of proposals , conclusions from the resu l t ing data 
w i l l be of p r a c t i c a l importance. 
7 . 2 . 1 . 2 Investment S i tuat ions . The three types of investment 
firms are prec i se ly defined in the fol lowing sect ions in th i s chapter. 
These s i tuat ions w i l l be referred to subsequently as Company A, Company B, 
and Company C. 
Company A has a constant d i s t r ibut ion of i t s schedule of investment 
opportunit ies such as shown in Figure 6 - 4 , while Company B has a growing 
schedule of investment opportunit ies such as described in Figure 6 - 5 . 
Company C represents the investment s i tuat ion where the var ia t ions 
in the investment parameters are r e l a t i v e l y s tab le throughout the horizon 
time. Company C a l so assumes a constant growth in future investment 
opportunit ies l i k e Company A, but the shape of the d i s t r i b u t i o n of SIP 
used i s the exponential shape as shown in Figure 6 - 3 . 
When compared with Company A and Company B, Company B general ly has 
l e s s good proposals ava i lab le for investment at a high y ie ld at each de­
c i s ion period. Furthermore, Company C d i f f e r s from both Companies A and B 
192 
in that the average first cost of the proposals is a smaller portion of the expected budget such that there will be reasonably sufficient funds available to finance the more desirable proposals in the SIP at each de­cision period. Companies A, B, and C have both heterogeneous cash flows and single payment cash flows. In other words, each company is evaluated under different assumptions of cash-flow mix. The investment situation where Company A has heterogeneous cash flows is defined as Case A-I, and where there are single-payment cash flows, it is defined as Case A-II. For Company B, the heterogeneous and single-payment cash flows are defined as Case B-I and Case B-II, respectively. Case C-I and Case C-II have similar interpretations for Company C. The reason for evaluating each company in different investment set­tings is to provide a sharp contrast between the single-payment investment situation and the heterogeneous investment situation. The difference among these three investment situations is reflected in the next three sections, where the specific parameters for each of these firms are described. 7.2.2 Constant Investment Schedules (Company A)—Parameters Case A-l—Heterogeneous Cash Flows 1. Distribution of investment opportunities with rate of return ĝ  (Figure 6-4)—linear shape 2. Discount rate (i) = 15% 3. Rate of growth applied to the distribution of first cost of proposals In the SIP per period (g) = .25 (see Section 6.3.1.4 and Section 6.3.2.2) 
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4. Size of average investment per proposal at the beginning of simulation (see Section 6.3.2.2) CQ = $15,000 a± = $ 6,000 c± « $11,000 a 2 - $10,000 c 2 • $15,000 a3 = $14,000 c 3 = $19,000 5. ig • 6% (see Section 5.2.1) 6. Size of external funds (see Section 6.4.1) BQ = $30,000 B3 = $16,064 B 1 = $26,345 B 4 = $ 8,924 B 2 = $21,775 7. Proposal life (see Section 6.3.2.4) L. = 2 , n = 5, L = 8 min max 8. Probability of a particular expected cash-flow pattern (see Section 6.3.2.5) a) Probability of a single-payment type cash flow 
Q-L = . 20 
Probability of a series-payment type cash flow 
Q{ = 1 - Q-L = -80 
b) If the proposal is a series-payment type cash flow: Probability of the cash flow being a combination of decreasing series Q2 = .60 Probability of the cash flow being a combination of increasing series 
Q2 = 1 ~ Q2 " -40 
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c) The probabi l i ty d i s t r ibut ion of f R i s uniform d i s t r ibut ion with 
u ( 0 , l ) (see Section 6 . 3 . 2 . 5 ) 
9 . Generation of probabi l i ty tree (see Section 6 . 3 . 3 ) 
a) The probabi l i ty d i s t r ibut ion of P ( £ / k ) t (from node k to I at 
dec i s ion time t ) 
Uniform d i s t r i b u t i o n with u ( 0 , l ) 
b) The probab i l i ty d i s t r ibut ion of the magnitude of cash flows at 
chance nodes occurring at period t 
2 
Normal d i s t r ibut ion with n(E[F d]a_ ) 
t 
2 
where o_ = ( . 1 5 ) E [ F J , i . e . , 3 = .15 
F t t 
1 0 . Number of decis ion times in study period (H) = 20 
1 1 . Number of proposals per period (N) = 15 
1 2 . Ratio of expected funds ava i lab le for investment to the expected t o t a l 
value of the proposals whose growth rates (rates of return) are greater 
than MARR in the SIP (see a l so Section 6 . 3 . 1 . 4 ) 
Ratio = [ B Q ] / t ( C Q ) ( N ) ( P r o b ( g f c > MARR))] 
= [ $ 3 0 , 0 0 0 ] / [ ( $ 1 5 , 0 0 0 ) ( 1 5 ) ( . 7 0 ) ] 
= .19 
Case A - I I — S i n g l e Payment 
1 - 7 . Same as Case A - I 
8 . a) The probabi l i ty of a single-payment type cash flow 
8b - 1 2 . Same as Case A - I 
7 . 2 . 3 Growing Investment Schedules (Company B)—Parameters 
Case B-I—Heterogeneous 
1 . Dis tr ibut ion of investment opportunit ies with rate of return g. 
1 9 5 
(Figure 6-5)—linear shape g k(t) = .36(.30 - .01(t-l))[RN] where RN represents random number from uniform distribution with ii(0,l). 3. Rate of growth applied to the distribution of first cost of proposals in the SIP per period (g(t)) = .27 (see Section 6.3.1.4) 6. Size of external funds (see Section 6.4.1) BQ = $30,000 B3 = $16,348 B^^ = $26,484 B4 = $ 9,146 B 2 = $22,019 Other parameters are the same as those of Case A-I. Case B-II—Single Payment 8. a) The probability of a single-payment type of cash flow 
Other parameters are the same as those of Case B-I. 7.2.4 Constant and Stable Investment Opportunities (Company C)—Parameters Case C-I—Heterogeneous Cash Flows 1. Distribution of investment opportunities with rate of return ĝ  (Figure 6-3)—exponential shape 2. Discount rate (MARR) = 10% 3. Rate of growth applied to the distribution of first cost of proposals in the SIP per period (g) = .20 (see Section 6.3.1.4 and Section 6.3.2.2) 4. Size of average investment per proposal at the beginning of simulation (see Section 6.3.3.3) C_ = $8,000 
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ax = $4,000 a2 - $6,000 a3 = $9,000 
c± = $ 7,000 c 2 - $ 8,000 c 3 - $12,000 
12. Ratio » .385 (see Section 7.2.2) Other parameters are the same as those of Case A-I. Case C-II—Single Payment 8. a) The probability of a single-payment type of cash flow 
Other parameters are the same as those of Case C-I. 
7.3 Measures of Performance 7.3.1 Risk-Return Analysis 7.3.1.1 Efficiency Concept. By simulating the financial results of investments selected on the basis of a particular policy (use of a particular value X or 6), the expected horizon value—along with the standard deviation of the horizon values obtained with that policy—will indicate the "efficiency" of the investment project set selected under that policy [62], The expected horizon value and the standard deviation can be plotted to show the outcome of implementing a particular policy. Given the results of applying various policies it is possible to identify the policies that yield the maximum expected value for a given standard deviation and also yield the minimum standard deviation for a given expec­ted value. Connecting the points associated with these policies defines the "efficiency frontier" [40], It must be recognized that the efficiency frontier obtained through the procedures above is stochastic in nature. This is because the 
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computations of the expected horizon values and the standard deviations about these expected values are based on a fixed sample. Thus, as the sample size changes, the efficient frontier is likely to change. Based on the information on the sample size, one can determine the confidence limit of the efficient frontier (see Figure 7-1). 
E [ a H ] 
/\ *^Effi.ciency Frontier 
/ Confidence Limit 
E[E H ] 
Figure 7-1. Concept of Efficiency Frontier 
7.3.1.2 Risk Aversion Parameters. As discussed in Chapter V, a direct comparison of the PB criterion with other decision criteria calls for specification of a coefficient of risk aversion (6) in advance. The same argument applies to the utilization of the mean-variance criterion in which a coefficient of risk aversion (X) needs to be specified. Since different horizon values are possible for different values of 6 (or X and k), it is desirable to define the efficient set of investments by varying the coefficient of risk aversion, while holding all other param­eters fixed [24], This is because parametric variation of 6 (or X and k) allows the (E , a ) set to be traced (where E = expected horizon value, ri ri n 
198 
C/JJ = standard deviat ion about E^) . 
In the s imulation, for a given value of 6 (or A ) , 10 runs are per-
d i f f e r e n t value of 6 (or A ) , another 10 runs are made, using the same 
parameters to compute E and c r . This procedure i s repeated a number of 
H H 
times and the values of E and a are plot ted with E[E ] on the hor izonta l 
ri n ri 
axis and E[a ] on the v e r t i c a l a x i s . In the s imulat ion, the values of 6 
ri 
usual ly range from 0 to 3 . 0 while the values of X range from 0 to . 0 0 0 5 . 
In the s imulat ion, the same values of 6 were assigned to the corresponding 
values of k. 
7 . 3 . 1 . 3 Dominance. Suppose an appl icat ion of dec is ion c r i t e r i o n 1 
generates an e f f i c i e n t f ront i er AB and decis ion cr i t er ion 2 generates an 
e f f i c i e n t f ront i er CD for a part icu lar investment s e t t i n g , as sh <n in 
Figure 7 - 1 . Then, e f f i c i ency f ront i er AB i s said to be dominated by 
e f f i c i e n c y f ront i er CD. This dominance, in turn, implies that dec is ion 
c r i t e r i o n 2 can generate a higher expected value E^ without increasing 
v a r i a b i l i t y in E^ as compared to dec is ion c r i t e r i o n 1 . Or stated d i f f e r ­
e n t l y , dec is ion c r i t e r i o n 2 maintains the same l e v e l of r i s k ( v a r i a b i l i t y ) 
without giving up too much as compared with decis ion c r i t e r i o n 1 . 





Figure 7 - 2 . 
E [ E H ] 
I l l u s t r a t i o n of the Dominance in 
Decision Cr i t er ia 
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7,3,2 Average Percentage of Total Capital Invested at 1̂ . 
To gain an insight into the dynamics of the simulation model, i t 
i s of in teres t to understand the re lat ionship between the budget amount 
and the projec t s undertaken over the dec is ion periods . The average t o t a l 
c a p i t a l invested at i^ ac tua l ly measures the funds remaining a f ter i n v e s t ­
ment; there fore , i t i s an indirect measure of the e f f i c i e n t use of a v a i l ­
able funds. In general , the primary reasons for funds being invested at 
th i s lower rate are : 
1 . There are not enough good proposals or they are too r i sky such that 
the dec i s ion c r i t e r i o n chooses to place the a v a i l a b l e funds in th i s 
r i s k - f r e e investment i^. 
2, There are no proposals with a small enough f i r s t cost to take advan­
tage of the remaining funds. 
In th i s s imulation, the average percent of t o t a l invested i,. (F ) 
o 0 
i s calculated in the fol lowing manner: F i r s t , i t i s necessary to ca l cu ­
l a t e the t o t a l cap i ta l which i s defined in Section 6 . 4 . 4 . The t o t a l 
c a p i t a l amount at each dec is ion period cons i s t s of a l l c a p i t a l avai lable 
f o r investment plus the amount of cap i ta l that i s due (discounted at 
respect ive rate of return) in future periods from investments made 
previous ly . 
Then, for each decis ion t ime, a percentage f igure i s determined by 
dividing the amount of funds invested at i^ at that dec is ion time by the 
t o t a l cap i ta l at that decis ion time. Thus, in th i s study, F n represents 
the f igure resu l t ing from summing these percentages for each decis ion time 
and dividing by the number of dec is ion t imes. 
2 0 0 
7 . 4 SIMULATION RESULTS AND COMPARISON OF THE PROJECT 
BALANCE CRITERION WITH OTHER DECISION CRITERIA 
In THIS SECTION, THE SIMULATION RESULTS ASSOCIATED WITH THE INVEST­
MENT SITUATIONS DESCRIBED IN SECTION 7 . 2 ARE PRESENTED. THE EFFECTIVENESS 
OF EACH DECISION CRITERION I S COMPARED WITH EACH OF THE OTHER CRITERIA 
UNDER THREE DISTINCTIVE INVESTMENT SITUATIONS (COMPANY A , COMPANY B, AND 
COMPANY C ) . FOR EACH COMPANY, TWO DIFFERENT CASH-FLOW MIXES IN THE SIP 
ARE ASSUMED (HETEROGENEOUS V S . SINGLE PAYMENT), AND THE EFFECTIVENESS OF 
EACH DECISION CRITERION I S COMPARED WITH EACH OF THE OTHER CRITERIA UNDER 
THESE DIFFERENT CASH-FLOW MIXES. 
7 . 4 . 1 CONSTANT FUTURE INVESTMENT OPPORTUNITIES—COMPANY A 
7 . 3 . 1 . 1 HETEROGENEOUS CASH FLOWS (CASE A - I ) . THE SIMULATION RE­
SULTS FOR THIS INVESTMENT SITUATION ARE SHOWN IN FIGURE 7 - 3 (SEE DETAIL 
STATISTICS IN TABLE A - L IN APPENDIX C ) . IN FIGURE 7 - 3 THE VALUES OF 6 
USED FOR THE PB CRITERION RANGE FROM 0 . TO 5 . 0 , WHILE THE VALUES OF X USED 
FOR THE MEAN-VARIANCE (M-V) CRITERION RANGE FROM 0 . TO . 0 0 0 5 . THUS, THE 
LINE CONNECTING AND REPRESENTS THE EFFICIENT FRONTIER GENERATED BY 
A £ 
THE MEAN-VARIANCE CRITERION. THE SOLID LINE RUNNING FROM (A ) TO ( A 6 ) 
REPRESENTS THE EFFICIENT FRONTIER GENERATED BY THE PROJECT BALANCE C R I ­
TERION FOR DIFFERING VALUES OF 6. THE EXPECTED PRESENT WORTH MAXIMIZATION 
I S A SPECIAL CASE OF THE MEAN-VARIANCE CRITERION WHERE THE VALUE OF X 
EQUALS ZERO. THE STATISTICS OBTAINED FROM THE EXPECTED PRESENT WORTH 
CRITERION ARE SHOWN AS A SHADED HEXAGON ( ^ ) , AND THE STATISTICS COMPUTED 
FROM THE EXPECTED UTILITY CRITERION ARE SHOWN AS A SOLID CIRCLE ( 0 ) IN 
FIGURE 7 - 3 . 




COMPANY A - HETEROGENEOUS CASH PLOWS [~~] * Global Upper Bound(L.P solution) with Perfect Infoi )̂ : Local Optimum with Perfect Information Project Balance Criterion Hean-Variance Criterion Expected Utility Maximization 
Expected Present Worth Maximization 
»tion E(HV]-$26,046,000, Var[HV)«(3,551,850)2 • 
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Figure 7 - 3 . Risk-Return Chart: Company A—Heterogeneous 
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value (Eg = $14,158 x 10^) i s obtained at 6 = 0 , and as the value of <5 
increases , the value of E^ gradually decreases . This decreasing trend in 
the expected horizon value as <5 becomes large can be explained as fo l lows . 
As discussed in Chapter V I , the schedule of investment proposals submitted 
at each decis ion period contains a r i s k l e s s proposal (highly l iqu id asset 
such as a bank account) whose growth rate i s equivalent to i^. Such an 
investment y i e l d s a low return but has no v a r i a b i l i t y of return from 
period to period. Assigning a higher value of 6 implies that for a pro­
posa l , the requirement to meet the PB cr i t er ion becomes more r e s t r i c t i v e 
( r e c a l l the fac t that the value in Equation 5-4 must be p o s i t i v e in 
order to be considered for investment by the projec t balance c r i t e r i o n ) . 
Therefore, at a higher value of 6, there are not enough good proposals to 
meet th i s requirement so that the project balance c r i t e r i o n places the 
remaining funds in such a r i s k l e s s asset for future investment in pro­
posals generated in subsequent periods . Thus, for a higher value of <5, 
the firm general ly can expect a smaller horizon value with l e s s v a r i a b i l i t y . 
Therefore, when <5 goes to i n f i n i t y , th i s c r i t e r i o n v i r t u a l l y requires the 
s e l ec t i on of proposals with zero variance. This i s equivalent to saying 
that the firm eventual ly invests a l l i t s i n i t i a l investment, Including the 
ex terna l ly supplied funds ( B t ) , in a r i s k l e s s proposal ( i^) over the study 
period. Then, t h e o r e t i c a l l y the ant ic ipated horizon value under th i s 
investment s i tuat ion would asymptot ical ly approach to an amount of $304,004 
20 1Q 18 
with zero variance ($304 ,004 = B n ( l + i J + B, ( 1 + i . ) + B 0 ( l + i J + 
0 0 1 0 2 0 
B 3 ( l + i 6 ) 1 7 + B 4 ( l + i 6 ) 1 6 ) . 
For the mean-variance c r i t e r i o n , the highest value of E occurs at 
H 
A = 0 , which simply maximizes expected net present worth without reference 
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to the dispersion of potential outcomes at each decision period. As the value of X increases, the decreasing trend in the value of is somewhat similar to the PB criterion. However, it is seen in Figure 7-3 that the firm using the M-V criterion cannot realize the same degree of risk which results in using of the PB criterion without incurring substantial loss in the value of E .̂ As an example, when point 6 in Figure 7-3 obtained from the M-W criterion at X = .0004 is compared with point g obtained from the PB criterion at 6 = 3.0, they do not differ statistically from each other in terms of the variability in the expected horizon values (see Table A-l). However, the amount of E given up by using the. M-V criterion 
ri 
rather than the PB criterion exceeds more than $5 million (75%). It appears that the differences in the effectiveness of the PB criterion and the M-V criterion become negligible when the 6 selected is sufficiently large. Consider point h ( A h) in Figure 7-3. This point was computed at 6 = 5 and very close to point 4 of the M-V criterion. As indicated earlier in this section, for a higher value of o or X, there will be only a few proposals at each decision period which satisfy either criterion such that the size of funds available at each decision time becomes large enough to finance all these proposals. In other words, the ratio of funds available for investment to the total value of the pro­posals submitted for consideration per period increases as the value of 6 or X increases (see also Fq figure in Table A-l). When this is the case, the effect of using different decision criteria becomes less pronounced. However, it should be noted that it is rather unlikely for a rational decision maker to assign such a high value of (6=5) to this investment setting, although o theoretically can be chosen as 00. For this 
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reasoning, recall the fact that the magnitudes of cash flows associated with the probability trees were determined from normal distributions (see Section 6.3.3). This implies that the present worth of each proposal con­tained in the SIP submitted for consideration at each decision period can be assumed to be approximately normally distributed [43]. When this assumption is correct, the probability that the present worth of a proposal will fall below 5 standard deviations from its mean value would be no more than (.287) x 10 Thus, for a rational decision maker, the practi­cal value of <5 would be less than 3 in most cases (remember that there is only a 0.1 percent probability that it will ever fall below E - 3^). For the practical ranges of value of <5 from 0 to 3, it it seen that the effi­cient frontier generated by the PB criterion dominates the one obtained from applying the M-V criterion (statistically significant in terms of E 
ti 
with a degree of confidence of at least 95%). The expected utility criterion yields the statistics represented by the solid circle in Figure 7-3. The point generated by this criterion has a relatively smaller expected horizon value and Is virtually identical with point h of the PB criterion in terms of the expected horizon value. How­ever its standard deviation is shown somewhat lower than any of the other points produced by the other decision criteria. This result was expected because the utility function utilized in this study has the property of diminishing marginal utility. The property of this utility function indicates that for a risk-averse decision maker, his certainty monetary equivalent is always less than the expected monetary value for a given risk. Thus, when this cri­terion is compared with the expected present worth criterion, it is not 
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expected to yield a higher expected horizon value than the one obtained from the expected present worth criterion. Since the expected utility yields the lowest risk (lowest a ), it 
n 
is of interest to determine if the variability of this criterion is statistically different from those of the other decision criteria. Assuming that the outcomes are normally distributed, a test to determine if the paired criteria differ with regard to their variability can be applied. The test used is the F-Test, and these tests indicated that the expected utility criterion is not statistically different from the other criteria with a degree of confidence of at least ,95. In view of this fact, the smaller variability as compared to the reduction of expected horizon value does not seem to be a desirable trade-off. As described in Section 5.3.4, if the decision maker has complete information about the SIP only when it is presented at each decision period, the local optimum with this perfect information is denoted by a shaded circle (@) in Figure 7-3. The expected horizon value and the standard deviation obtained from this local optimization are nearly iden­tical with those of point a of the PB criterion (see Table A-l). This implies that when the project balance is used as a decision criterion under uncertainty, the criterion is rather effective because the improve­ment possible due to knowledge of the project realizations being considered in a single decision period is negligible. Remember that the basic difference between the PB criterion and other decision criteria is that it recognizes the rate of uncertainty resolution. However, the value of uncertainty resolution was ascertained from the proposal's cash-flow patterns. Thus, the criterion places higher 
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value on the proposals promising e a r l i e r and more highly probable r e a l i ­
zat ion of cash f lows. In th i s sense , the value of knowing the project 
r e a l i z a t i o n s i s , to some extent , u t i l i z e d in the PB c r i t e r i o n . 
When the dec is ion maker has complete information about a l l the f u ­
ture SIP's at the current decis ion time, Weingartner 1 s horizon model 
generates the g lobal upper bound at the point denoted by a rectangular 
( f" l ) in Figure 7 - 3 . Again i t should be noted that th i s so lut ion was 
obtained from a l inear programming formulation. 
From Figure 7 - 3 , i t i s seen that the value of knowing the project 
r e a l i z a t i o n s for a l l dec is ion periods i s far more pronounced than in the 
case of the l o c a l optimum. This i s l arge ly because the perfect knowledge 
of present and future investment proposals allows for the optimization of 
sources of cap i ta l by keeping funds invested in highly l iqu id asse t s and 
carrying these funds from one period to the next to f inance the a t t r a c t i v e 
future proposals , rather than committing these funds to marginal inves t ­
ments at each decis ion t ime. 
In Table A - l , F^ represent the average percent of t o t a l capital 
invested at i^ (see 7 . 3 . 2 ) . I t i s a l so seen that the PB c r i t e r i o n gener­
a l l y has a smaller average percentage of the t o t a l c a p i t a l invested at i^ 
than does the M-V c r i t e r i o n . A reason for th i s i s that the PB c r i t e r i o n 
in general favors projec t s having short l i v e s and with most of the ir 
returns occurring ear ly in the ir l i f e . I f the PB c r i t e r i o n s e l e c t s a set 
of proposals in such a way at each dec is ion period over the study period, 
there w i l l be su f f i c i en t funds to invest in at l e a s t the best proposals 
in each SIP. 
7 . 4 . 1 . 2 Single-Payment Cash Flows (Case A - I I ) . As explained in 
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Section 7 . 2 . 1 , the only d i f ference between Case A - I and Case A - I I i s that 
Case A - I I assumes a l l the proposals have single-payment cash f lows. In 
comparison with the heterogeneous cash f lows, th i s type of investment s e t ­
t ing produces greater f luctuat ions in terms of funds flow over the study 
period (see Section 7 . 2 ) . Although a firm i s unl ike ly to be faced with 
th i s type of investment s i tuat ion in a c t u a l i t y , th i s investment s i tuat ion 
i s designed to t e s t the s e n s i t i v i t y of the PB cr i t er ion to an extreme 
investment s i t u a t i o n . 
The simulation r e s u l t s are shown in Figure 7-4 and the deta i l ed 
s t a t i s t i c s are tabulated in Table A - 2 . When Figure 7-4 i s compared with 
Figure 7 - 3 , i t i s seen that th i s investment se t t ing provides a greater E 
H 
along with a higher a for a l l dec is ion c r i t e r i a . The maximum E for the 
PB c r i t e r i o n i s obtained at 6 = 1 . 5 ( d ) , and the e f f i c i e n t f ront ier curve 
of the PB cr i t er ion i s even more p o s i t i v e l y down-sloped than the one gen­
erated by the M-V c r i t e r i o n . This implies that the rate of change of E 
H 
with respect to a (AE /Aa ) for the PB c r i t e r i o n i s l e s s than that for 
H H H 
the M-V c r i t e r i o n . As seen in Figure 7 - 4 , the PB c r i t e r i o n can achieve a 
higher E without incurring addi t ional v a r i a b i l i t y when a l l the points of 
n 
the M-V c r i t e r i o n are compared with those of the PB c r i t e r i o n ( s t a t i s t i ­
c a l l y s i gn i f i cant with a degree of confidence of at l ea s t . 9 5 ) . 
Although i t i s dominated by the e f f i c i e n t s e t s of the M-V c r i t e r i o n , 
the performance of the expected u t i l i t y c r i t e r i o n ( in terms of E and a ) 
H H 
in r e l a t i o n to other dec is ion c r i t e r i a i s not not iceably changed from that 
seen in Figure 7 - 3 , 
In th i s type of investment s e t t i n g , the l o c a l optimum point i s 
dominated by the e f f i c i e n t se t s of the PB c r i t e r i o n . Remember that th i s 
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l o c a l optimum i s obtained with the present worth maximization pr inc iple 
under assumed cer ta inty (see Section 5 . 3 . 4 . 1 ) . As discussed in Section 
2 . 3 . 2 . 2 , th i s present worth c r i t e r i o n focuses mainly on the terminal 
p r o f i t a b i l i t y . Suppose that the SIP submitted for a certain dec is ion 
period contains two competing proposals , Al and A2, both with a s i n g l e -
payment type of cash f lows. Both have the same amount of out lays , but Al 
has a one-year l i f e , while A2 has a f ive-year l i f e . Suppose both have the 
same p o s i t i v e expected net present worth, and the funds ava i lab le for th i s 
dec is ion period are j u s t enough to finance e i ther one of the two. I f there 
i s no future disbursement other than the i n i t i a l investment, then the PB 
c r i t e r i o n w i l l s e l e c t proposal A l . 
Now suppose perfect information about the r e a l i z a t i o n of cash flows 
becomes a v a i l a b l e and the present worth of A2 i s somewhat greater than that 
of A l . Then the present worth c r i t e r i o n w i l l s e l e c t A2, instead of A l . 
However, the commitment of funds to a single-payment proposal with a f i v e -
period l i f e means that no_ rece ipt s from that proposal w i l l be ava i lab le 
for investment for the intervening four periods . This may mean that some 
very lucra t ive proposals would be foregone during those four periods b e ­
cause of the lack of cash to finance these proposals . On the other hand, 
the PB c r i t e r i o n favors r e l a t i v e l y short-term proposals such as Al and 
keeps funds ava i lab le for investment in a t t r a c t i v e future proposals . 
Therefore, the s e l ec t ion of pro jec t s even under uncertainty could resu l t 
in a greater t o t a l cap i ta l at the end of horizon time, as compared to the 
optimum s e l e c t i o n of proposals that could be achieved with the periodic 
perfect information. 
F i n a l l y , F A f igures in Table A-2 provide a sharp contrast to the 
210 Fn figures in Table A-l. Observe that the PB criterion generally has a 9 smaller average percentage of the total capital invested at î  than do the other decision criteria. The FQ figures also indicate that as the invest-ment situation moves from one of relative stability (heterogeneous cash flows) to a more variable situation (single-payment cash flows), the amount of total capital invested at î  increases substantially. 7.4.2 Growing Investment Schedules—Company B Presented in this section are the simulation results from the utili­zation of data described in Section 7.2.3. Remember Company B differs from Company A only in that it has a growing distribution of schedule of investment opportunities as shown in Figure 6-5. Accordingly, the average capital growth rate (g) of this firm would be different from that of Company A. This g is computed approximately at .27 (see Section 6.3.1.4). Otherwise, Company A and Company B are exactly identical in terms of other investment parameters. 7.4.2.1 Heterogeneous Cash Flows (Case B-I). . The simulation re­sults for each decision criterion are compared in Figure 7-5 and the corre­sponding statistics are tabulated in Table A-3. Figure 7-5 indicates that the PB criterion substantially outperforms all the other decision criteria (except the global upper bound) which are evaluated. In particular, the maximum value of E„ for the PB criterion occurs at 6 = .5 (point b in 
n Figure 7-5), and this value is statistically significant over all other maximum values (E ) achieved by other decision criteria with a degree of confidence of at least .95 (paired t-test). In terms of risk, it is also seen that the PB criterion maintains a lower variability without substantial loss of E .̂ When the PB criterion 
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Figure 7-5. Risk-Return Chart: Company B—Heterogeneous 
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i s compared with the M-V c r i t e r i o n and the expected u t i l i t y c r i t e r i o n , 
the PB c r i t e r i o n produce subs tant ia l l y higher E than does any other 
n 
c r i t e r i o n for any given l e v e l of r i s k . 
As explained in Section 7 . 4 . 1 . 1 , the reason that the PB cr i t er ion 
performs so wel l for th i s type of investment se t t ing i s that the PB c r i ­
ter ion w i l l s e l e c t the proposals which promise e a r l i e r and highly probable 
r e a l i z a t i o n of cash flows with r e l a t i v e l y uniform marginal returns , i n ­
stead of s e l ec t ing some other proposals whose expecged returns are some­
what greater but where uncertainty about r e a l i z a t i o n of cash flows per ­
s i s t s longer than usual . Stated d i f f e r e n t l y , an important feature of the 
PB c r i t e r i o n i s i t s recognit ion of the advantage of keeping funds a v a i l ­
able for investment (greater f l e x i b i l i t y ) in a t t r a c t i v e proposals which 
are ava i lab le in the future . In addi t ion , the investment s i tuat ion i s 
such that the firm expects to have an ever increasing proportion of good 
proposals a v a i l a b l e for investment at high growth rates throughout the 
study period. In th i s investment s e t t i n g , the repeated appl icat ion of 
the PB c r i t e r i o n at each decis ion period w i l l provide reasonably steady 
funds to invest in at l e a s t the best proposals in each SIP. This i s why 
the performance of the PB c r i t e r i o n becomes more pronounced under th i s 
investment se t t ing as compared with the previous investment se t t ing 
(Company A ) . 
The E„ from the g lobal upper bound solut ion for th i s type of i n -n 
vestment se t t ing i s found to be almost 73% higher in value than the one 
that could be achieved under the previous investment s e t t i n g . This dra­
matic increase in E value i s due l arge ly to the fact that the i d e n t i f i -
cation and complete knowledge of good investment prospects in l a t e r time 
2 1 3 
periods r e s u l t s in transfer of more funds from period to period by i n v e s t ­
ing in highly l iqu id a s s e t s . Thus, the value of information about future 
investment opportunit ies becomes more pronounced. 
7 . 4 . 2 . 2 Single-Payment Cash Flows (Case B - I I ) . The simulation 
r e s u l t s f o r Case B- I I are shown in Figure 7 - 6 and the deta i l ed s t a t i s t i c s 
are tabulated in Table A - 4 . As learned from the analys i s of Case A - I I and 
Case B - I , i t i s expected that the performance of the PB c r i t e r i o n would 
be more successful for th i s type of extreme investment s i t u a t i o n . Exami­
nation of Figure 7 - 6 makes i t c l ear that the PB c r i t e r i o n cons i s t ent ly 
leads to s e l ec t ion of proposals that r e s u l t in greater future value at the 
horizon time (E ) than for any of the other three dec i s ion c r i t e r i a . I t 
ri 
i s a l s o s t a t i s t i c a l l y confirmed that the projec t s e l ec t ion by teh PB c r i ­
ter ion a l s o r e s u l t s in greater future value at the horizon time than the 
l o c a l optimum with perfect information. 
The FQ f igures in Table A - 4 further i l l u s t r a t e the interes t ing 
dynamics of th i s investment s i t u a t i o n . Observe that the PB c r i t e r i o n gene­
r a l l y has an average of 12% of the t o t a l c a p i t a l invested at i^, while 
other dec i s ion c r i t e r i a have an average of 27% of the t o t a l c a p i t a l i n ­
vested at L . A higher F Q value for the other dec i s ion c r i t e r i a i s due 
mainly to the fac t that the repeated appl icat ion of these dec is ion c r i t e r i a 
general ly does not r e s u l t in proposals having a f i r s t cost small enough to 
take advantage of the remaining funds at each dec is ion period. 
7 . 4 . 3 Constant and Stable Investment Opportunities (Company C) 
As mentioned in Section 7 . 2 . 1 , Company C d i f f e r s from Company A in 
that 
1 ) The type of the d i s t r i b u t i o n of SIP i s an exponential shape, 
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Figure 7 -6 . Risk-Return Chart: Company B—Single Payment 
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2) The discount rate used i s 10% such that the firm i s expected to grow 
an average of 20% ( g ) , and 
3) The d i s t r i b u t i o n of the f i r s t cost of proposals has = $8,000 (as 
compared to CQ = $15,000 for Company A) such that the average f i r s t 
cost of the proposals i s a smaller portion of the expected budget. 
7.4.3.1 Heterogeneous Cash Flows. The simulation r e s u l t s for the 
u t i l i z a t i o n of data set forth in Section 7.2.4 for the heterogeneous case 
are presented in Figure 7.7, and the deta i led s t a t i s t i c s are summarized in 
Table A-5. Figure 7.7 indicates that the maximum E for the PB c r i t e r i o n 
xi 
occurs at 6 = .8($4,810 * 10^) and the maximum E for the M-V c r i t e r i o n 
ri 
occurs at X = 0 with $4,102 x 10^, which i s a r e l a t i v e l y small d i f ference 
as compared with the case in Company A. When point 1 of the M-V c r i t e r i o n 
(the expected or present c r i t e r i o n ) i s compared with point e of the PB 
c r i t e r i o n , the v a r i a b i l i t y of point 1 i s s t a t i s t i c a l l y s i gn i f i cant at a 
degree of confidence of .90 ( th i s was confirmed by an F t e s t ) . In general , 
the e f f i c i e n t f ront i er of the PB c r i t e r i o n dominates .the one generated by 
the M-V c r i t e r i o n . 
The performance of the expected u t i l i t y c r i t e r i o n appears to be as 
e f f e c t i v e as the M-V c r i t e r i o n for th i s r e l a t i v e l y s table investment 
s e t t i n g . Point C of the PB c r i t e r i o n i s c lose to the l o c a l optimum and 
v i r t u a l l y i d e n t i c a l in terms of magnitude of E„ and a . I t i s a l so seen 
xi xi 
from Figure 7-3 that the PB c r i t e r i o n r e s u l t s in an expected horizon value 
c lose to the l o c a l optimum with se l ec t ion of appropriate 6 va lue . In th i s 
r e l a t i v e l y s tab le investment s i t u a t i o n , the value of having complete inform­ation for the future investment opp rtunit ies i s subs t n t ia l l y reduced s compared with that exp rie ced by Company A. The d i f ference in the
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expected horizon value between the local optimum and the global upper bound is only $1.2 x 106, which is about 25% of the local optimum. The relative difference between the local optimum and the global upper bound for Company A is 79%. 7.A.3.2 Single-Payment Cash Flows. For the single-payment case, the performance of each criterion is displayed in Figure 7-8. Figure 7-8 shows that the relative effectiveness of the PB criterion over the other decision criteria is consistently superior in terms of both maximizing E 
ri 
and maintaining lower variability O . 
ri 
For the single-payment type of cash flow, it appears that the rela­tive value of having perfect information about the future investment oppor­tunities is greater than in the heterogeneous case. (Compare Figure 7-3 with Figure 7-4, and also compare Figure 7-7 with Figure 7-8.) The reason for this may be explained as follows. Since all proposals have a single-payment type of cash flow, the consequence of selecting Proposal A rather than Proposal B at some decision time t may be that the entire sequence of subsequent decisions is different than it would have been if Proposal B had been chosen. That implies that the value of having perfect information increases. 7.4.4 Effects of the Discount Rate (MARR) Since all the decision criteria discussed in Chapter V are a func­tion of the discount rate, it is of interest to examine the sensitivity of the effectiveness of each decision criterion to change in the discount rate used. Two types of sensitivity analysis are utilized in this study. In the previous two sec ons, it wa  assumed that once the firm sel cts a discount rate f r the evalu ion of p oposa s at th very 
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Figure 7 -8 . Risk-Return Chart: Company C—Single Payment 
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beginning of the dec i s ion per iod , the same discount rate i s applied to 
the evaluation of proposals submitted throughout the study period. The 
f i r s t approach i s to inves t igate how s e n s i t i v e the e f f ec t iveness of each 
dec is ion cr i t er ion i s for various discount r a t e s . 
For Company B, remember that the firm has growing investment oppor­
t u n i t i e s over the study per iod . As defined in Chapter V I , the growing 
investment opportunit ies exhibi t an increasing proportion of good proposals 
ava i lab le for investment at a higher growth rate (rate of return) as time 
passes . This s i tuat ion indicates that as the length of time increases , 
the number of investment opportunit ies that y i e l d at l e a s t the MARR (which 
remains constant) a l so increases . However, in the c a p i t a l rat ioning con­
t e x t , i f the MARR selecged i s r e l a t i v e l y low with respect to the number of 
productive investment opportunit ies a v a i l a b l e , th i s rate may al low the 
acceptance of a large number of proposa ls , some of which are marginally 
product ive . Therefore, i t may be reasonable for a firm to consider ad jus t ­
ing the discount rate with regard to the investment opportunit ies ava i lab le 
at each dec is ion per iod. Thus, the second analys is i s to examine the 
e f fec t iveness of each dec is ion with the t ime-variant discount ra te over 
the study period. 
7 . 4 . 4 . 1 Ef fects of a Time-Invariant Discount Rate ( for Constant 
Future Investment Opportuni t ies ) . For Company A (see Figure 7 - 3 ) , the 
discount rate used i s 15%. Five d i f f erent discount rates ranging from 6% 
to 30% are se lected to compute the s t a t i s t i c s (E^ and a ) associated with 
each decis ion c r i t e r i o n . Since the PB c r i t e r i o n and the M-V c r i t e r i o n 
require that the corresponding c o e f f i c i e n t of r i s k aversion (6 = k, X) be 
s p e c i f i e d , the c o e f f i c i e n t of r i s k aversion used i s 6 - . 5 for the PB 
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c r i t e r i o n and X = .0001 for the M-V c r i t e r i o n . 
The s t a t i s t i c s obtained from varying the discount rate for each 
dec i s ion c r i t e r i o n for Case A - I are summarized in Table 7 - 1 . On the other 
hand, Figure 7-9 i l l u s t r a t e s the r e l a t i v e advantage ( in terms of expected 
horizon value) of using the PB c r i t e r i o n over the other dec is ion c r i t e r i a 
as a function of the discount r a t e . Accordingly, Figure 7-10 depicts the 
standard deviat ions (a ) and E associated with each decis ion cr i t er ion 
H H 
as a function of the discount r a t e . 
Table 7 - 1 and Figure 7-9 indicate that a l l dec is ion c r i t e r i a except 
the M-V c r i t e r i o n produce the maximum E at a discount rate of 20%. The 
H 
maximum E value for the M-V c r i t e r i o n occurs at a discount rate of 15%. 
ri 
These maximum values (E ) support the argument that there i s an optimal 
ri 
discount rate for th i s cap i ta l rat ioning process . As the discount rate 
var i e s from 6% to 15%, the E^ value produced by each decis ion c r i t e r i o n 
increases and the M-V c r i t e r i o n alone reaches i t s maximum value E^. At a 
discount rate of 20%, a l l other dec i s ion c r i t e r i a reach the ir maximum 
value E . 
t i 
At a higher discount r a t e , more than 20%, the values E for a l l the 
c r i t e r i a decrease, and at 30%, there i s a substant ia l reduction in the 
value of EJJ. The argument explaining these changes in values i s that 
i f the discount rate se lected i s too high, many proposals that have good 
returns are r e j e c t e d . A lower discount rate allows the acceptance of a 
large number of proposals , some of which are marginally productive, and 
th i s r e s u l t s in an E^ value lower than the value that could be achieved 
i f the optimal discount rate were used. Thus there i s a trade-of f between 
being too s e l e c t i v e or not being s e l e c t i v e enough. I t must be noted that 
Table 7-1. Effects of a Time-Invariant Discount Rate—Company A n 7 ^ ^ 7 — - ^ M A R R Decision Rule 6% 10% 15% 20% 25% 30% 
Global L.P. Upper 
Bound (Horizon Model) 
26,046 (3,552) 26,046 (3,552) 26,046 (3,552) 26,046 (3,552) 26,046 (3,552) 26,046 (3,552) 
Local Optimum 11,633 (1,928) 12,967 (1,580) 14,524 (1.658) 15,986 ( 1 .570) 15,410 fi ,19^ 11,182 (2,399) Project Balance (at 6 « .5) 14,311 (1,430) 14,099 (1,454) 13,856 (1,514) 14,233 * (1,543) 13,373 01.288) 9,875 (1.799) 
Expected PW Max 10,135 (2,128) 11,846 (1,931) 13,299 (1,510) 14,549 (1,466) 14,022 (1,316) 10,353 (1,941) Mean-Variance (at X -.0001) 9,293 (1,878) 10,845 (1,812) 11,438 (1,552) U,H3 (1,979) 8,925 (1,791) 5,528 (1.580) Expected Utility ( U(Z)- log(Z) ) 6,193 (1,272) 6,964 (1,358) 9,028 (1.048) 11,323 (1.388) 10,787 (1.998) 6,014 (2.428) 
* At a discount rate of 20%,the maximum E for the PB criterion occurs at 6=0. ^ ^ J °H The values of Eu and a at 5=0 are E„ = $14,750, and o„ - $ 1,455. n ri ri H 
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Figure 7 - 9 . The Relat ive Advantage of Using the PB Cri ter ion over 
the Other Decision Cr i t er ia as a Function of the 
Discount Rate 
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Figure 7 - 1 0 . V a r i a b i l i t y in as a Function of the Discount 
Rate Selected 
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the global upper bound does not change for different values of the discount rate. This is because Weingartnerfs horizon model is not a function of a discount rate (see Section 5.3.5.2). Careful examination of Table 7-1 reveals the fact that the effective­ness of the PB criterion is riot highly sensitive to changes in the discount rate selected. In Table 7-1, compare the value obtained at a discount rate of 6% with the one at a discount rate of 20% for the PB criterion. They are virtually identical, while the changes in E values over this 
n 
range of discount rates for the local optimum, the expected present worth criterion, the M-V criterion, and the expected utility criterion are 37%, 43%, 19.6%, and 82%, respectively. It appears that the expected utility criterion is most sensitive to changes in the discount rate. In terms of absolute magnitude of the E^ value, the PB criterion also produces the largest maximum E value among other decison criteria under uncertainty. 
ri 
In Table 7-1 it appears that at a discount rate of 20%, the expected present worth criterion seems to produce the largest maximum horizon value ($14,549). However, at that same discount rate, the maximum E„ for the PB criterion 
n 
occurs at 6 a 0, with E = $14,750, which is greater than the E value 
ri ri 
obtained from the expected present worth criterion. From Figure 7-9, it is seen that the performance of the PB criterion eventually approaches the expected present worth criterion at a discount rate higher than 25%. The reason for this t end is that both criteria acc pt only ose proposals with growth rates (rates of return) greater tha  or equal t its articular discount rate (MARR) val e. Thus the num­ber of proposals t at ar  accep able dimin hes as the disco nt rat be­comes gr ater. Howeve , a  th numbe  of pr posals that are accept l
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decreases , the ra t io of expected funds ava i lab le for investment to the 
expected t o t a l value of the proposals in the SIP increases . Eventually 
there w i l l be su f f i c i en t funds to finance a l l the reduced number of 
proposals . As an example, from the d i s t r i b u t i o n of SIP shown in F ig­
ure 6 - 4 , i t can be estimated that only 36% of t o t a l investments could be 
invested at or above a growth rate of 25% and 20% of t o t a l investments 
could be invested at or above a growth rate of 30%. This , in turn, implies 
that only about f i v e proposals out of 15 generated at each devis ion period 
would be considered for investment at MARR = 25%, while only three propo­
s a l s out of 15 would be considered for investment i f MARR = 30%. On the 
other hand, the r a t i o s of expected funds ava i lab le for investment for a 
MARR - 25% and 30% would increase from 19% (at MARR = 15%) to 40% and 67%, 
respec t ive ly (see Section 7 . 2 . 2 ) . Therefore, there w i l l be a small number 
of proposals with s u f f i c i e n t funds to finance them and the e f f e c t of using 
d i f f e r e n t c r i t e r i a becomes l e s s pronounced. 
Figure 7-10 indicates that the PB c r i t e r i o n a l so maintains a lower 
v a r i a b i l i t y ( a „ ) than other dec is ion c r i t e r i a . The expected u t i l i t y c r i -
n 
ter ion maintains lower v a r i a b i l i t y than does the PB c r i t e r i o n for the 
range of MARR from 6% to 20%. However, at a discount rate higher than 20%, 
i t I s seen that the performance of the expected u t i l i t y c r i t e r i o n drops 
subs tant ia l l y and eventual ly maintains the highest v a r i a b i l i t y when com­
pared with the other decis ion c r i t e r i a . I t should be understood that the 
lower r i s k of the expected u t i l i t y c r i t e r i o n over the range of a lower 
discount rate cannot lead to the conclusion that the performance of the 
expected u t i l i t y c r i t e r i o n i s bet ter than that of the PB c r i t e r i o n . When 
the expected u t i l i t y c r i t e r i o n i s compared with the PB c r i t e r i o n , i t i s 
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observed from Figures 7-9 and 7-10 that a 12% r e l a t i v e reduction in r i s k 
for the expected u t i l i t y c r i t e r i o n at a MARR = 6% r e s u l t s in a 56% r e l a t i v e 
reduction in E value and a 31% r e l a t i v e reduction in r i s k of the expected 
ri 
u t i l i t y c r i t e r i o n would require a 35% r e l a t i v e reduction in E value; 
ri 
f i n a l l y at MARR = 20%, a 11% reduction in r i s k would re su l t in a 20% r e l a ­
t i v e reduction in E^. Thus, in absolute do l lar terms, the use of the PB 
c r i t e r i o n eventual ly leads to improved wealth accumulation. 
7 . 4 . 4 . 2 Ef fec t s of a Time-Variant Discount Rate. As discussed in 
Section 7 . 4 . 4 . 1 , the changes in discount rate would d i r e c t l y a f f e c t the 
expected number of proposals that are acceptable at each dec is ion period 
such that the r a t i o of expected funds ava i lab le for investment a l so chan­
ges (see Section 7 . 2 . 2 ) . Thus, in order to el iminate th i s e f f e c t of budget 
and number of proposals ava i lab le at each decis ion per iod , th i s r a t i o i s 
held constant over the planning horizon. 
I t i s seen from Figure 6-5 that i f the MARR i s 15%, then 70% of the 
t o t a l investments could be invested at or above a rate of return of 15%. 
This , in turn, implies that approximately 10 proposals out of 15 at each 
dec i s ion period would have an expected present worth greater than or equal 
to zero . Thus, a discount ra te m(t) which causes the r a t i o to remain con­
stant over the planning horizon when the investment opportunit ies are 
increasing can be found as fo l l ows : 
For growing investment opportuni t ies , from Equation 6-2 in Section 
6 . 3 . 1 . 3 , 
g k ( t / F k ) = .36 - ( . 3 0 - . 0 1 ( t - l ) ) F k 
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m, the discount rate to be used at each 
m(t) = .36 - ( . 3 0 - . 0 1 ( t - l ) ) ( . 7 0 ) 
t = 1 , 2 , . . . , H 
Thus, at t • 1 , m( l ) = 15% 
t = 1 0 , m(10) = 21.3% 
t = 2 - , m(20) = 28.3% 
This time path of m(t) i s represented by l ine EF in Figure 6 - 5 . 
The appl icat ion of the t ime-variant discount rate m(t) to the 
investment se t t ings described by Company B r e s u l t s in the s t a t i s t i c s shown 
in Figure 7 -11 for the heterogeneous cash flows and Figure 7-12 for the 
single-payment cash f lows. The deta i led f igures are summarized in Tables 
A-7 and A - 8 . 
For the heterogeneous cash flows (Case B - I ) , i f Figure 7-11 i s 
compared with Figure 7 - 5 , i t i s seen that the maximum horizon value for 
each c r i t e r i o n increases 2.2% for the PB c r i t e r i o n (<5 = . 5 ) , 16.8% for 
the expected present worth c r i t e r i o n , -12% for the M-V c r i t e r i o n (X = 
, 0 0 0 2 ) , 35.8% for the expected u t i l i t y c r i t e r i o n , and 19.28% for the l o c a l 
optimum approach. Since the g loba l upper bound so lut ion i s not a function 
of in t eres t r a t e , no change i s observed (see Section 5 . 3 . 4 , 2 ) . These 
r e s u l t s support the argument made in Section 7 . 4 . 1 . 1 that the PB c r i t e r i o n 
i s not s ens i t i ve to the changes in the discount rate for th i s type of 
investment s e t t ing . Therefore, no change in the e f f i c i e n t f ront i er curve 
of the PB c r i t e r i o n i s observed. 
The appl icat ion of the t ime-variant discount rate has seen an 
By l e t t i n g F f c = .70 and MARR = 
dec is ion period i s 
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improvement in the performance ( in E„) of both expected present worth and 
rl 
expected u t i l i t y c r i t e r i a without increasing any v a r i a b i l i t y appreciably. 
I t i s a l so seen that the appl icat ion of the discount rate subs tant ia l ly 
increases the expected horizon value for the l o c a l optimum. Despite the 
substant ia l improvement made in the performance of the other c r i t e r i a , 
the PB cr i t er ion cons i s tent ly y i e lds the se lec t ion of proposals that r e ­
su l t in greater future value at the horizon time than for any of the 
other c r i t e r i a t e s t ed . 
For the single-payment cash-flow case , Figure 7-12 can be d i r e c t l y 
compared with Figure 7 - 6 . In terms of both expected horizon value and 
v a r i a b i l i t y (E„ and a ) , the improved performance of the PB c r i t e r i o n ri ri 
over other dec is ion c r i t e r i a i s confirmed. By comparing Tables A-8 and 
A - 4 , the maximum El̂  value increases to 25% for the PB c r i t e r i o n (<5 = . 5 ) , 
19.6% for the expected present worth c r i t e r i o n , 8.4% for the M-V cr i t er ion 
( X . « . 0 0 0 2 ) , 19.8% for the expected u t i l i t y c r i t e r i o n , and 20% for the 
l o c a l optimum approach. 
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CHAPTER V I I I 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The primary purpose of th is research i s to inves t iga te the 
s ign i f i cance of the concept of the reso lut ion of uncertainty in cap i ta l 
a l l o c a t i o n decis ion problems. Of part icular in teres t are how to measure 
the concept of the reso lut ion of uncertainty and then how to incorporate 
th i s concept in a mul t i - s tage decis ion process . A complete summary of 
the r e s u l t s of the research i s given in Section 8 . 1 , followed by conclu­
sions in Section 8 . 2 , and recommendations for future research in 
Section 8 . 3 . 
8 . 1 Summary of Results 
This study begins with the discussion of the decis ion c r i t e r i a 
considering r i s k that have found the widest support in the cap i ta l 
budgeting l i t e r a t u r e and examines the e x p l i c i t measures of uncertainty 
reso lut ion which appeared in the l i t e r a t u r e . As i s evidenced by the 
review of the l i t e r a t u r e , i t i s true that l imited at tent ion in the 
l i t e r a t u r e i s given to the development of a methodology of th i s concept 
into the improvement of cap i ta l budgeting dec i s ions . Among the three 
methodologies (the payback period, the coe f f i c i en t of v a r i a t i o n , and 
certa inty equivalent) which deal with the concept of uncertainty re so ­
lu t ion in an expl i c t manner, the use of the c o e f f i c i e n t of var ia t ion 
approach appeared to have the most potent ia l and prac t i ca l importance 
for th i s study. 
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However, a c lose examination of the coe f f i c i en t of var iat ion 
reveals that the measure of uncertainty reso lut ion based on the terminal 
value of a proposal f a i l s to provide complete information on how the 
uncertainty outcomes are expected to be reso lved. I t i s pointed out 
that the reason for th i s def ic iency i s that the use of the terminal 
value as a measure of economic d e s i r a b i l i t y does not f u l l y consider the 
shape of the cash flow pattern over the p r o j e c t ' s l i f e . The review of 
the l i t e r a t u r e indicates that a time-dependent measure of investment 
worth which r e f l e c t s the timing and magnitude of p r o b a b i l i s t i c cash flows 
be developed so that i t becomes poss ib le to measure the rate at which 
uncertainty about the cash flows i s resolved through time. 
One of the purposes of th is study i s to develop the means for 
measuring the important character i s t i c s of an investment project that 
would indicate whether the investment would be deemed economically 
des irable or undesirable. The unrecovered balance method and the projec t 
balance method were invest igated as a bas is for quantifying uncertainty 
reso lu t ion , and the conceptual advantage of the project balance method 
was observed. 
As developed in Chapter I I I , the project balance pattern provides 
four d i f f erent elements of information regarding the d e s i r a b i l i t y of a 
proposal . They are the area of negative project balance (ANB), the 
time for the project to recover i t s i n i t a l investment (discounted pay­
back period, Q) , the area of p o s i t i v e balance (APB), and the terminal 
p r o f i t a b i l i t y ( S N ( i ) ) of the proposal . However, as a bas i s for measuring 
uncertainty reso lut ion , only two of these parameters (ANB and APB) 
appeared to r e f l e c t the changes in cash-flow patterns more accurately 
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than do the other two parameters. 
A part icu lar measure of uncertainty reso lut ion considered in th is 
study was the coe f f i c i en t of var ia t ion approach suggested by Van Home. 
In terms of the project balance parameters, Van Home's measure u t i l i z e s 
the terminal p r o f i t a b i l i t y S^(i) as a bas is for quantifying uncertainty 
reso lut ion . Therefore, the e f fec t iveness of using the ANB and APB as a 
bas i s for measuring uncertainty reso lut ion based on the coe f f i c i en t of 
var ia t ion was compared to Van Home's method. The conceptual advantage 
for using the ANB (or APB) over the s N ( i ) w a s observed. However, i t was 
shown that the use of coe f f i c i en t of var ia t ion as a s t a t i s t i c a l measure 
of uncertainty reso lut ion has inherent l i m i t a t i o n s . By d e f i n i t i o n , the 
c o e f f i c i e n t of var ia t ion uses the standard deviat ion in i t s numerator 
and i t therefore does not d is t inguish between pos i t ive and negative 
var ia t ions . 
The concept of the expected gain confidence l i m i t c r i t e r i o n i s 
introduced as a means of overcoming the def ic ienc ies associated with the 
c o e f f i c i e n t of var ia t ion as measure of v a r i a b i l i t y . In th i s presentat ion, 
the decis ion maker i s assumed to be r i s k averse. In general , the dec is ion 
maker who i s r i s k averse w i l l prefer a proposal whose ANB i s smaller or 
whose APB i s larger i f other things are equal. Therefore, in terms of 
v a r i a b i l i t y , the decis ion maker i s concerned more about the v a r i a b i l i t y 
on the down side for the APB and the v a r i a b i l i t y on the up s ide for the 
ANB. Accordingly, two d i f f erent schemes of expected gain confidence 
l i m i t c r i t er ion are u t i l i z e d in th i s study to place confidence l i m i t s 
in the measurement of v a r i a b i l i t i e s of the s t a t i s t i c s (ANB and APB). 
When ANB and APB are u t i l i z e d separately as a bas is for measuring 
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uncertainty reso lut ion , i t was poss ib le to generate two d i f f erent 
information elements regarding uncertainty reso lut ion about the same 
proposal . A measure of uncertainty reso lut ion based upon ANB s t a t i s t i c s 
EGCL[ANB] t provides information regarding the f irm's uncertainty about 
the recovery of i t s i n i t i a l investment through time. On the other hand, 
a measure of uncertainty reso lut ion based upon APB s t a t i s t i c s EGCL[APB] 
generates information about the f irm's uncertainty about the p r o f i t 
accumulation through time. 
An investment s i tuat ion i s suggested where investment decis ions 
are made on a regular periodic bas i s and the objec t ive i s to maximize 
the t o t a l accumulated wealth at some horizon time. I t i s assumed that 
knowledge about what investment would be ava i lab le in the future and 
the ir associated cash flows i s p r o b a b i l i s t i c . 
To u t i l i z e information about the reso lut ion of uncertainty over 
time and assess the e f f e c t of investment proposals that have p r o b a b i l i s t i c 
outcomes for the investment s i tuat ions described above, a decis ion 
c r i t e r i o n ca l led the Project Balance (PB) Cri ter ion i s developed. In 
the PB c r i t e r i o n , a s ing le index i s devised as an operational decis ion 
rule to seek a prac t i ca l trade-off among the three major investment 
fac tors such as p r o f i t a b i l i t y , v a r i a b i l i t y and f l e x i b i l i t y . Since both 
reso lut ion indexes, EGCL[ANB] t and EGCL[APB] t, represent time-dependent 
measures of uncertainty reso lu t ion , the use of information derived from 
these reso lut ion indexes in the development of the PB cr i t er ion i s 
discussed. The conceptual advantage using EGCL[ANB] over EGCL[APB] t 
•in the development of the PB cr i t er ion i s described. In f a c t , information 
.derived from EGCL[APB] i s not u t i l i z e d in the PB c r i t e r i o n . However, 
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the poss ib le use of information generated from EGCL[APB] i s presented 
in a d i f f eren t cap i ta l budgeting context ( for example, incorporation 
of the abandonment d e c i s i o n ) . 
A simulation model based on these investment s i tuat ions i s 
developed to t e s t the e f fec t iveness of the PB cr i t er ion with those of 
the most widely suggested decis ion c r i t e r i a . These c r i t e r i a are the 
expected value maximization, the mean-variance (M-V) cr ter ion , and 
the expected u t i l i t y maximization. Due to the p r a c t i c a l d i f f i c u l t y 
associated with implementing the expected u t i l i t y maximization as a 
decis ion c r i t e r i o n , an approximate method i s u t i l i z e d . Therefore, in 
th is study, the purpose of the inclus ion of the expected u t i l i t y 
c r i t e r i o n i s not to draw a firm conclusion on the e f fec t iveness of the 
c r i t e r i o n as compared to other c r i t e r i a , but to provide the reader with 
some inference about the c r i t e r i o n . 
Besides comparing these three c r i t e r i a with the PB c r i t e r i o n , 
the value of having complete infomation about the future investment 
opportunit ies i s a l so introduced to compare the overa l l e f f ec t iveness 
of the PB c r i t e r i o n . Two d i f f erent l e v e l s of knowledge are examined. 
The f i r s t assumes that the decis ion maker has complete information 
about the set of investment proposals that are being considered at the 
time of dec is ion , while the second use assumes complete information 
regarding a l l the proposals being considered throughout the study period. 
This assumption allows the comparison of the PB c r i t e r i o n with wel l 
known determinist ic models. Thus, comparison among methods requiring 
perfect information and methods designed for p r o b a b i l i s t i c information 
i s poss ib l e . 
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8 . 2 Conclusions 
The primary purpose of the simulation experiments i s to answer 
the fol lowing four spec i f i c quest ions. 
Ql: How much does knowledge of the manner in which the cash flow 
uncertainty of investment proposals i s resolved over time improve the 
se l ec t ion of those proposals? 
A l : The Project Balance (PB) cr i t er ion i s the only c r i t e r i o n 
which considers the concept of reso lut ion of uncertainty e x p l i c i t l y . I t 
i s shown that the performance of the PB cr i t er ion i s be t ter when the 
v a r i a b i l i t y of the outcomes increases and the cash-flow patterns are 
s ing le payment rather than heterogeneous.' in other words, th i s 
implies that the value of having information regarding the duration of 
uncertainty of proposals increases , as proposals ' uncertainty increases . 
Q2: How does the PB cr i t er ion perform with respect to the other 
three c r i t e r i a (the expected present worth c r i t e r i o n , the mean-variance 
(M-V) c r i t e r i o n , and the expected u t i l i t y cr i ter ion) ' ? 
A2: General conclusions about the performance of the PB c r i t e r i o n 
can be drawn from the investment se t t ings described by Company A, Company B, 
and Company C with respect to other decis ion c r i t e r i a . 
1 , Under the two d i f f erent assumptions of future investment opportuni t ies , 
the PB c r i t e r i o n i s cons i s t ent ly superior to the other dec is ion c r i ­
t e r i a examined. However, the e f fec t iveness of the PB c r i t e r i o n as a 
dec i s ion rule i s subs tant ia l ly increased when the firm faces growing 
investment opportunit ies in the future . 
2 . For two d i f f eren t se ts of cash-f low mixes, the performance of the 
PB c r i t e r i o n i s bet ter when the v a r i a b i l i t y of the outcomes increases 
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and the cash-flow patterns are single-payment rather than 
heterogenerous. 
3 . The M-V cr i t er ion i s very sens i t i ve to the choice of X , while the PB 
c r i t e r i o n i s not s ens i t i ve to the choice of 6 (X and 6 represent 
the c o e f f i c i e n t of r i s k aversion u t i l i z e d in each decis ion c r i t e r i o n ) . 
In par t i cu lar , the use of a r e l a t i v e l y high value of X would s i g n i f i ­
cantly reduce the e f fec t iveness of the M-V c r i t e r i o n . I t appears 
that the optimal value of 6 l i e s between 0 and 1 . 5 . 
4 . The performance of the expected u t i l i t y c r i t e r i o n i s rather d i s ­
couraging for th i s part icu lar type of u t i l i t y function (logarithmic 
u t i l i t y function) despi te i t s theorect i ca l appeal as a decis ion rule 
under r i s k . This may be due to the choice of the part icu lar u t i l i t y 
function used in th i s study. 
5 . The performance of the expected present worth cr i t er ion i s in tr igu ing . 
In a r e l a t i v e l y var iab le investment s i tuat ion (see Figure 7 - 3 ) , i t 
appears to be a rather good c r i t e r i o n despi te i t s i n a b i l i t y to r e f l e c t 
the changes in uncertainty associated with the recovery of investment 
over t ime. However, in a r e l a t i v e l y s tab le investment se t t ing (see 
Figure 7 - 7 ) , i t maintains higher v a r i a b i l i t y than do other dec is ion 
c r i t e r i a . The above conclusion represents a trend regarding these 
outcomes but lack of s t a t i s t i c a l s ign i f i cance makes i t impossible to 
general ize these r e s u l t s . 
Q3: How sens i t i ve are these c r i t e r i a to changes in the s ign i f i cant 
parameters associated with a regular periodic decis ion process? 
A3: I t i s shown that the PB c r i t e r i o n i s rather insens i t ive to 
changes in the discount rate s e l ec t ed , whereas the s e l ec t ion of the o p t i -
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mal interest rate is critical to the other decision criteria (see Section 7.4.4). This implies that the use of the PB criterion will result in alle­viating the decision maker's burden to select "the" optimal interest rate in the evaluation of investment proposals. Q4: HOW much can one improve his investment decisions with perfect knowledge of future investment opportunities? A4: Two different levels of knowledge are examined. The first assumes that the decision maker has complete information about the set of investment proposals that are being considered at the time of decision, while the second assumes complete knowledge regarding all the proposals being considered at both the present and future. As expected, having complete knowledge regarding all the proposals being considered throughout the study period results in an expected horizon value substantially greater than the one that can be achieved with periodic perfect information. In general, it is observed that the value of perfect information regarding the future investment opportunities increases, when­ever the variabilities in the investment proposals increase. For the two different cash flow mixes, it is observed that the relative value of having perfect information about the future investment opportunities for the single-payment type of cash flow is always greater than in the heterogeneous case. One of the significant observations is that the use of PB criterion could result in total capital accumulated at the horizon time that is greater than or equivalent to that which can be achieved with the complete information about the set of investment pro­posals that are being considered at the time of decision (see the reason in Section 7.4.3.2) . 
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From the r e s u l t s of the simulation, i t i s a l so poss ib le to develop 
ins ight into the dynamics of a periodic decis ion model. Of part icu lar 
in teres t i s how the timing and s i ze of the cash rece ipt s from a large 
number of proposals a f f e c t the funds ava i lab le for investment at future 
decis ion times. I t i s these funds that a f f e c t the se l ec t ion of proposals 
at these future decis ion times. 
8 . 3 Recommendations for Future Research 
A l o g i c a l extension of th i s study i s the incorporation of the 
abandonment decis ion into the PB cr i t er ion by u t i l i z i n g the information 
ascertained from the area of p o s i t i v e project balance in Chapter I I I . 
In par t i cu lar , the information generated from uncertainty reso lut ion for 
the p o s i t i v e project balance (EGCL[APB] ) would provide the decis ion 
maker with a tracking s ignal of when to abandon previously implemented 
p r o j e c t s . The paramount task would be to e s tab l i sh a ^trade-off between 
the salvage value at the decis ion time and the expected cash rece ipts 
during the remaining l i f e of the proposal . 
The consideration of e f f e c t s of covariance among proposals and the 
resu l t ing .maximization of future value a l so would be of part icu lar 
i n t e r e s t . In accordance with th i s extension, an inves t igat ion of an 
e f f i c i e n t so lut ion methodology for the PB cr i t er ion would be of spec ia l 






DISCRIMINATING ABILITY OF THE PROJECT BALANCE METHOD 
In Section 3 . 1 . 2 . 4 , i t was shown that for a given cash flow (a 
s ing le payment cash f l o w ) , there w i l l be no l o s s of information by 
summarizing the project balance character i s t i c s as ANB and APB. In. 
th i s appendix, i t i s shown that a s imi lar argument can be applied to 
those regular cash flow patterns such as uniform s e r i e s , gradient ser ies 
(decreas ing) , and gradient ser ies ( increas ing) . 
1 . Uniform Series: Consider a project whose cash flow pattern i s 
described as a uniform ser ies as shown in Figure 3-12 (see a l so i t s 
corresponding project balance pattern in Figure 3 - 1 2 ) . Unlike the type 
of s ing l e payment cash flow, the S f c ( i ) values are decreasing for 0 £ t _< Q 
(area of negative project balance) as time passes , and a f ter the break­
even point Q, the S f c ( i ) values (area of p o s i t i v e project balance) are 
increasing as the project goes forward. 
For a proposal whose cash flows are described as a uniform s e r i e s , 
the break-even value Q w i l l always ex i s t as long as the rate of return 
of the proposal i s greater than the MARR, i . Since F^ = F ^ = . . . = F^, 
the break-even value would be computed by solving the fol lowing polynomial 
equation: 
S ( i ) = - ( l + i ) q F + ( l + i ) q " 1 F + . . . + F n ( A - l ) q 0 1 q . 
Let (1+ i ) = r , and F^ = F ^ ' ' * = F N = A ' L ^ e n ^ q u a £ i ° n A - l becomes 
S q ( i ) = - F Q r q + A r q _ 1 + A r q " 2 + . . . + A (A-2) 
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Then, Q i s found by l e t t i n g S^(i) = 0 and solving Equation A - 2 , 
q " { * n [ F 0 ( l - r ) + A ] ? / * n ( r > 
However, the cash flows occur at d i scre te points in time and therefore 
Q i s the l arges t integer that i s l e s s than or equal to q, that i s , 
Q • m i n [ q ] . 
Since the value of Q i s known, the values of ANB and APB can be 
computed from successive appl icat ions of the geometric s e r i e s , as shown 




t « 0 
( i ) ( 1 ^ > 0+1 f r U - r Q ) 
-F ( l - r ^ 1 ) + A <Q - r 1 






S t(i) - _i_ t 1-r A(N-Q) + A r (A-4) 
Now, from Equations A-3 and A - 4 , for f ixed values of i and N, ANB 
and APB are only functions of F^ and A. If FQ and A are given, Q w i l l 
be uniquely determined such that the values of ANB and APB w i l l a l so be 
unique. Again, there w i l l be no l o s s of information by summarizing the 
projec t balance charac ter i s t i c s as ANB and APB. 
2. Gradient Ser ies: Consider a project whose cash flow pattern i s 
described as a gradient ser ies (decreasing) as shown in Figure 3 - 1 2 . 
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This type of cash flow pattern w i l l generate a s imi lar type of project 
balance pattern to the one of the uniform ser ies as shown in Figure 3 -12 
but with a d i f f erent Q value . 
Let A' represent the magnitude of the f i r s t cash flow F^, then 
F t = A' - g » ( t - 1) (A-5) 
where g' i s a gradient fac tor . By replacing F by A' - g ' ( t - 1) for a l l 
t in Equation A - l , and solving S^(i) = 0, the break-even value Q (=min[q]) 
w i l l be determined. Then the values of ANB and APB can be expressed as: 
ANB = £ S ( i ) - -F 
t=0 Z 0 




/.. Q- l 
(A-6) 
APB - 2 S ( i ) = ^ ~ r N + 1 - r ^ 1 
t=Q 1-r 
A' 
1-r (N-Q) + ~ ^ ( r
N - r Q ) 
Q(Q-l ) - N(N-l) + _r_ + , ^ - 2 - + ^ - { (N-Q) 
(A-7) 
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From Equations A-6 and A-7, for f ixed values of i and N, ANB and 
APB are only functions of A 1 , g 1 and FQ. Since these three parameters 
determine the shape of the cash flow pattern, the values of ANB and APB 
w i l l a l so be uniquely determined. A s imilar argument can be applied 
to an increasing gradient s e r i e s . From the foregoing discuss ion, i t can 
be said that i f any cash flow pattern belongs to one of these regular 
periodic cash f lows, there w i l l be no l o s s of information in summarizing 
the projec t balance pattern as ANB and APB. 
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APPENDIX B 
DISCRIMINATING ABILITY—THE PROJECT BALANCE METHOD 
BASED ON THE COEFFICIENT OF VARIATION AS COMPARED 
WITH VAN HORNE'S MEASURE 
In Section 4 . 1 . 1 , i t was discussed that when the coe f f i c i en t of 
var ia t ion i s se lected as a measure of uncertainty reso lut ion , the CV^ 
s t a t i s t i c s based on project balance serve as a more discriminating 
measure of uncertainty reso lut ion as compared with the CVfc s t a t i s t i c s . 
based on terminal value ( i . e . , Van Home's measure). However, i t was 
a l so recognized that i t i s poss ib le to have some examples where Van Home's 
method discriminates bet ter than ANB and APB. This appendix provides the 
reasons why these l a t t e r s i tuat ions are l e s s l i k e l y to occur than the 
previous s i t u a t i o n s . 
To i l l u s t r a t e the point concerned, consider proposals i and j which 
can be described as a probabi l i ty tree as shown in Figure 4 - 1 , re spec t ive ly . 
For s i m p l i c i t y , assume that each proposal has the same number of proba­
b i l i t y trees K and K- l trees of them are ident i ca l with each counterpart 
in terms of cash flow rea l i za t i ons and the p r o b a b i l i t i e s associated with 
them. Futhermore, assume that the ANB f igures for each proposal are 
ident i ca l so that the APB f igures are only of concern. 
The basic functional re lat ionship between the APB parameter and the 
terminal value S N ( i ) which i s u t i l i z e d in Van Home's measure wouldibe 
expressed as fo l lows: 
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[APB] f + S N ( i ) = [APB] (A-8) 
N- l 
where [APB] f = Z S ( i ) , that i s , the summation of the pos i t ive 
t=Q t 
project balance up to N- l period 
Now, assume that the sample space of each component ([APB]' and S^( i ) ) 
in Equation A-8 cons i s t s of n equally l i k e l y d i scre te events; the number 
of events in [APB] f by n^; the number in S N ( i ) by n 2 « Let [APB] f = A, 
Sjj(i) = B, and [APB] = C. Then, the sample spaces of A, B, and C for 
proposals i and j may be defined as 
S A , i = { 1 » 2 ' 3 ' * * - ' n i } ' S A j = t 1 * 2 . 3 " • - > * 2 } 
S B , i = { 1 ' 2 > 3 > * * • » n 2 } > S B , j = ^ » 2 » 3 » - • - » n 2 } 
S c i = ( 2 , . . . , n . j+n 2 } , S c ^ = { 2 , . . . , n ^ + n 2 } 
For the purpose of s impl i c i ty , l e t n^ = n 2 = n Q . In ordered 
sampling with two t r i a l s (A,B) and n Q elements in the population, there 
2 
are n d i f f erent events in the sample space,S_. Therefore, for independent 
O L* 
2 2 
proposals i and j , there would be a t o t a l number of (n Q ) poss ib l e j o i n t 
events. 
Now l e t X be a random var iable that counts the number of the 
ident i ca l C value in each ordered sample point . That i s , the sample 
space for X would be { 2 , 3 , 4 , . . . , 2 n } . The values, of X associated with 
o 
various sample points (S , S ) can be described as fo l lows: 
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[A = 1 ] , [B = 1] 
[A = 1 ] , [B = 2] 
[A = 1 ] , [B = 3] 
[A = 1 ] , [B ^ 
[A = 2 ] , [B = 1] 
[A » 2 ] , [B = 2] 
[A = 2 ] , [B = 3] 
Ordered Sample Set Sample Space of Total Number of 
{ [A = a ] , [B = b ] } [X = x] Events [X = x] 
A,B 
[X = 2] = { ( 1 , 1 ) } 1 
[X = 3] = { ( 1 , 2 ) , ( 2 , 1 ) > 2 
[X = 4] = { ( 1 , 3 ) , ( 2 , 2 ) , ( 3 , 1 ) } 3 
[X = n Q + l ] = { ( l , n o ) , ( 2 , n o - l ) , . . . } n Q 
[X = 2 n Q - l ] = { ( n o - l , n o ) , ( n o , n o - l ) } 2 
[A =n ] , [B = 1] [X =2n ] = { ( n ,n ) } 1 
r . O , , , , _ . O O O 
[A = n Q ] , [B = 2] 
[A = n Q ] , [B = n j 
Thus, for a f ixed value of n , there would be a t o t a l number of events 
o 
e[X = x] 
2n Q 2 
T = £ e[X = x] = 2[n (n - l ) / 2 ] + n = n o o o o o x=2 
I t becomes evident that for a paired sample event e[Cj=C ] , there 
would be a t o t a l number of j o i n t events ¥ 
Y = I E [ C ± - C J I = ( l ) 2 + ( 2 ) 2 + ( 3 ) 2 + . . . + ( n Q ) 2 
+ ( n Q - l ) 2 + . . . + ( 2 ) 2 + ( l ) 2 
= [(n - l ) n (2n - l ) ] / 6 + n 2 
o o o o 
Thus, the probabi l i ty that both APBs for proposals i and j are ident i ca l 
can be computed as 
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P r o b [ C . = C ] = Y/T 
i J 
[ 2 n 2 + 3n + l ] / 6 n 3 (n > 1) L o o J o o 
In other words, the probabi l i ty of [C\=C_. ] represents the chance that 
the project balance method w i l l indicate that both proposals are ident i ca l 
in terms of uncertainty reso lut ion . 
Now i t i s a l so poss ib le to compute the probabi l i ty of [B^=B^.] 
2 
because for a paired events, the t o t a l number of e[B^=B^.] i s simply n Q ( n 0 ) 
Therefore, 
Prob[B = B . ] = n ( n 2 ) / ( n 2 ) 2 
i j o o o 
= 1/n , n > 1 
o o 
Then, the t o t a l number of j o i n t events e[B =B. and C.=C. l would be 
i J i 3 
Ti = Z e[B =B. and C . = C ] = n 2 
1 J i J o 
and the probabi l i ty of [B^B^ a n d C i = C j 1 I S 
Prob[B.=B. and C . = C ] = Tt/T 
i J i J 
= 1 / n 2 (n > 1) o o 7 
In order to evaluate the probabi l i ty of e [B .=B. l but not e[B.=B. 
1 J 1 J 
and C = C . ] , or the probabi l i ty of e [ C . = C . ] but not e[B.=B. and C . - C . l , 
l j i J i j i j 
i t i s necessary to determine the absolute p r o b a b i l i t i e s of exclusive 
events e[B =B. ] and e [ C . = C . ] . 
1 J 1 J 
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|Prob[B.=B. ] I = Prob[B.=B.] - Prob[B.=B. and C . = C ] 
= 1/n - 1 / n 2 = (n - l ) / n 2 
o o o o 
and ]Prob[C =C. ] I = P r o b [ C . = C ] - Prob[B.=B. and C . = C ] 
i L i j J | i j i j i j 
= [ 2 n 2 + 3n + l ] / 6 n 3 - 1 / n 2 
o o o o 
= [ 2 n 2 - 3n + l ] / 6 n 3 (n > 1) 
o o o o 
By taking the di f ference between these absolute p r o b a b i l i t i e s , 
A = IProbtB^B ] | - |Prob[C^C^ ] | = [4 - 3/n - 1 / n 2 ] /6n for n > 1 
o o o  
and A > 0 , which implies that Prob[B.=B.] i s greater than P r o b [ C . = C ] 
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APPENDIX C 
The deta i led simulation re su l t s for Chapter VII are tabulated 
in th i s appendix. A l l the f igures shown in the tables are expressed 
in terms of $10^. 
Table A - l . Simulation Results: Company A—Heterogeneous 
Table A - 2 . Simulation Results : Company A—Single Payment 
Table A - 3 . Simulation Results : Company B—Heterogeneous 
Table A - 4 . Simulation Resul ts : Company B—Single Payment 
Table A - 5 . Simulation Results: Company C—Heterogeneous 
Table A - 6 . Simulation Results : Company C—Single Payment 
Table A - 7 . Simualtion Results : Ef fec t s of Time Variant 
Discount Rate (Company B)—Heterogeneous 
Table A - 8 . Simulation Resul ts : Ef fects of Time Variant 
Discount Rate (Company B)—Single Payment 
DETAILED SIMULATION RESULTS—TABLES 
FOR CHAPTER VII 
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Table A - l . Simulation Results: Company A—Heterogeneous 
PROJECT BALANCE C R I T E R I O N MEAN-VARIANCE CRITERION 
A E H PR- X E H °H F 0 
.0 14 ,158 1 ,685 6 .0 13.^99 1 .510 9 
. 5 1 3 . 8 5 6 1 , 5 1 4 7 .00005 12,340 1.520 1 0 
1 . 0 1 3 . 8 3 7 1 ,605 8 .0001 11 ,^38 1.552 1 4 
1 . 5 1 3 . 7 9 9 1 ,441 8 .0002 9,222 1,741 22 
2 . 0 1 3 , 4 9 6 1 , 4 5 5 1 0 ,0003 8 ,083 1,557 25 
2 . 5 1 2 , 6 9 7 1 .439 1 3 ,00C4 7 , 2 1 1 1,357 30 
3 . 0 1 2 , 2 2 7 1,432 1 5 ,0005 6 ,586 1,144 33 
5 . 0 3 ,996 1,692 33 
WITH PERFECT INFORMATION 
LOCAL OPTIMUM GLOBAL L . P . UPPER BOUND 
E H ° H 
F • h ° H 
14,524 1,658 8 26 ,046 3.552 
( • 1 1 I N $ 1 0 J ) 
EXPECTED PW MAXIMIZATION 
h FFH F E 
13 .299 1 , 5 1 0 9 
EXPECTED U T I L I T Y C R I T E R I O N 
E H A H F E 
9 ,023 1,043 1 1 
MARR : 1 5 X 
I «25 X 
T 6 Z 
: $15,000 
: $30 ,000 
:20 X , Q , :60 Z 
Table A - 2 . Simulation Results: Company A—Single Payment 
PROJECT BALANCE C R I T E R I O N MEAN-VARIANCE CRITERION 
E H ° H _F P 
X 
E H °H F E 
. 0 1 6 , ^ 9 6 2 ,497 1 1 .0 15 ,421 2,920 20 
. 5 16 ,929 2 ,268 1 3 .0001 13.427 2,204 23 
1 .0 17 ,121 2 ,557 1 5 .0002 1 2 , 3 6 ? 1,9*2 23 
1 . 5 17 .4T4 1,875 1 4 .0003 11,429 1,504 C 6 
2 . 0 16 ,730 1 ,366 1 6 .0004 1 0 , 2 1 3 1.576 ::S 
3 .0 1 6 , 0 1 1 2 ,759 1 7 . CC05 10 ,063 1,9:2 29 
4 . 0 14 ,977 2 ,424 22 
WITH PERFECT INFORMATION 
LOCAL OPTLYUM GLOBAL L . P . UPPER BOUND 
E H ° H •
 E H ° H 
16 ,456 3 ,240 22 37,982 4 , 5 5 0 
(ALL I N $ 1 0 J ) 
EXPECTED PW MAXIMIZATION 
° H F E 
15 ,421 2 ,920 20 
EXPECTED U T I L I T Y C R I T E R I O N 
E H ° H 
F O 
11 ,480 2 , 4 0 3 1 9 
MARR : 1 5 % 
i : 25 X i, : 6X 
C : $15,000 O 
B : $30,000 O 
Q X :1Q0X, Q 2 t 6 X 
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Table A - 3 . Simulation Results: Company B—Heterogeneous 
PROJECT BALANCE CRITERION MEAN-VARIANCE CRITERION t °H F 
X 
EH F .0 16,592 1.357 5 .0 13.560 2 , 2 6 3 9 .5 17,13? 1 . 2 3 3 6 .0001 12,265 1,582 11 1.0 17,06" 1,73° 5 .0002 10,71? 1,441 15 1 . 5 16 ,289 1 , 8 1 1 6 .0003 9 . 9 1 9 1,713 1 9 2.0 1 6 , 4 1 6 1 ,671 6 .0004 9 .036 1,678 23 
2.5 15,644 
1 ,621 8 .0005 3,24fl 1,691 26 3 .0 14,671 1,414 10 .0006 7,548 1,504 30 
WITH PERFECT INFORMATION LOCAL OPTIMUM GLOBAL L.P. UPPER BOUND EH °H F0 • EH °H 1 5 . 3 1 3 2 , 6 5 3 8 45,017 5,463 
EXPECTED PW MAXIMIZATION °H Fo 13 ,560 2 , 2 6 3 9 . 
EXPECTED UTILITY CRITERION EH °H Fr 9,285 1,898 12 MAR  : 1 5 X i .28 Z 4a 62 : $15 ,000 
: $30 ,000 
:20 X. Q 2 :60 X 
Table A - 4 . Simulation Results: Company B—Single Payment 
(all In $10J) PROJECT BALANCE CRITERION MEAN-VARLANCE CRITERIO; 6 EH °H F9 
X 
EH °H Fe .0 17,860 2,295 10 .0 14,626 3.322 27 .5 19,206 3,022 12 .0001 13.610 2,597 26 1.0 18,403 2,119 13 .0002 12,964 2,548 27 1.5 18,772 2,854 14 .0003 11,895 2,232 23 
WITH PERFECT INFORMATION LOCAL OPTIMUM GLOBAL L.P. UPER BOUND EH °H F9 EH °H 16.384 2.968 26 
EXPECTED PW MAXIMIZATION EH °H F8 14,626 3.322 27 






o k - a 
15X 28 X 6Z $15,000 $30,000 
100 Z . Q 2 
: OX 
Table A - 5 . Simulation Results: Company C—Heterogeneous 
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( a l l l a $10J) PROJECT BALANCE CRITERION MEAN-VARIANCE CRITERION 6 EH °H F9 
X 
EH F9 .0 4,650 515 6 .0 4,102 582 6 .5 4,550 461 7 .0001 3,758 453 9 .8 4,812 410 7 .0002 3,320 440 13 1.0 4,303 408 11 .0004 3,480 395 17 2.0 4,017 365 20 .0006 2,611 390 21 3.0 3,442 354 35 .0008 3,102 362 25 .001 2,554 306 36 
WITH PERFECT INFORMATION LOCAL OPTIMUM CT.PRAL L.P. UPrER BOUND EH °H Fo EH °H 4,958 412 6 6,231 501 
EXPECTED PW MAXIMIZATION EH Fe 4,102 582 6 




B o Q k - 6 
10 Z 20 Z 
6 Z $8,000 $30,000 
x :20 Z , Q2 :60 Z 
Table A - 6 . Simulation Results: Company C—Single Payment 
(all in $103> PROJECT BALANCE CRITERION MEAN-VARIANCE CRITERION 6 EH °H Fe A EH °H Fe .0 5,091 386 8 .0 5,029 678 14 .5 5,458 482 10 .0003 4,406 660 15 1.0 5,467 523 9 .0006 3,882 541 21 1.5 5,392 561 10 .0007 3,764 528 23 2.0 5,250 477 13 .001 3,322 486 24 .002 2,795 351 33 .005 2,248 296 48 
WITH PERFECT INFORMATION LOCAL OPTIMUM GLOBAL L.P. UPPER BOUND EH °H F9 EH aH 5,572 530 8,362 671 
EXPECTED PW MAXIMIZATION EH Fe 5,029 678 14 
EXPECTED UTILITY CRITERION ffH F8 4,202 561 9 
MAR  10 z I 20 Z h 6 Z C 
o $8,000 B o $30,000 Q l • 10C«. Q2 k - 6 
: O Z 
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Table A - 7 . Simulation Results: Ef fects of Time Variant 
Discount Rate (Company B)—Heterogeneous 
PROJECT BALANCE C R I T E R I O N MEAN-VARIANCE C R I T E R I O N 
6 E H 
F * X ° H 
.0 1 7 , 5 3 9 1 . 5 5 3 7 .0 1 5 , 8 3 9 1 ,839 1 0 
. 1 1 7 , 7 5 3 1 ,398 7 .00002 14 ,867 I . 4 5 8 1 2 
. 3 17 ,723 1 ,862 7 .OOOO: 13 .936 1 ,375 1 6 
. 5 17 ,575 1,900 P, .00007 12 ,706 1 ,660 1 9 
1 .0 1 7 , 2 7 * 2 ,477 1 0 .0001 1 2 , 2 3 6 2 , 1 6 3 21 
1 .5 16 ,425 2 ,178 1 3 .0002 9 ,478 1 .739 29 
2 . 0 14,377 2 ,167 21 . 0003 8 , 0 1 4 1 , 5 1 7 33 
WITH PERFECT INFORMATION 
LOCAL OPTIMUM GLOBAL L . P . UPPER BOUND 
E H ° H •
 E H ° H 
1 8 , 2 7 3 2 ,127 . 9 4 5 , 0 1 7 5 , 4 6 3 
EXPECTED PW MAXIMIZATION 
E H F P 
15 ,839 1 .839 1 0 
EXPECTED U T I L I T Y C R I T E R I O N 
° H 
F O 
1 2 , 6 1 0 2 , 1 2 9 12 
MARR : M ( T X 3 6 - ( . 3 O - . 0 L ( T - L ) ) ( . 7 0 ) 
I : 28 Z 
1 , 1 6 Z 
1 $15 ,000 . 
I $30 ,000 
:20 Z , Q 2 T60 Z 
Table A - 8 . Simulation Results: Ef fects of Time Variant 
Discount Rate (Company B)—Single Payment 
PROJECT BALANCE C R I T E R I O N MEAN-VARIANCE CRITERION 
A E H ° H 
F X E H 
.0 2 0 , 4 4 0 2 , 6 4 3 1 2 . .0 13 ,449 4 , 0 2 1 23 
. 5 2 1 , 2 9 4 2 , 2 4 2 1 4 . 0 0 0 1 15 .259 2 ,696 28 
1 .0 2 0 , 7 5 3 2 , 3 7 3 1 6 .0002 1 3 . 4 1 0 2 ,244 31 
1 . 5 1 9 , 5 7 0 2 , 4 7 5 1 7 . 0003 11 .598 2 , 0 2 3 OC J J 
WITH PERFECT INFORMATION 
LOCAL OPTIMUM GLOBAL L . P . UPPER BOUND 
E H ° H •
 E H ° H 
1 6 , 3 0 4 3 , 1 1 3 28 
U U LN $10J) 
EXPECTED PW MAXIMIZATION 
E H °H 
F E 
18,449 4 , 0 2 1 23 
EXPECTED UT IL ITY CRITERION 
E H ° H 
F E 
13 ,756 1 , 9 1 4 23 
MARR : M ( T ) - . 3 6 - ( . 3 0 - . O L ( T - L ) ) ( . 7 0 ) 
i : 28 Z 
: 6 Z 
: $15 ,000 
: $30 ,000 
: 1001, Q 2 1 0 Z 
255 
BIBLIOGRAPHY 1. Adelson, R. M., "Criteria for Capital Investment: An Approach Through Decision Theory," Operational Research Quarterly, Vol. 16, No. 1, March 1965, pp. 19-50. 2. Ang, J. S., "State-preference Application in Capital Budgeting," Engineering Economist, Vol, 19, No. 3, Spring, 1973. 3. Baumol, W. J., "An Expected Gain-confidence Limit Criterion for Portfolio Selection," Management Science, Vol. 10, No. 1, October 1963, pp. 174-182, 4. Baumol, W. J. and R, E. Quandt, "Mathematical Programming and the Discount Rate under Capital Rationing," Economic Journal, June 1965, pp. 317-320, 5. Bernhard, R. H,, "Mathematical Programming Models for Capital Budgeting—A Survey, Generalization, and Critique," Journal of Financial and Quantitative Analysis, Vol. 4, 1969, pp. 111-158. 6. Bernhard, R. H,, "Some Problems of a Discount Rate for Constrained Capital Budgeting," AIIE Transactions, Vol. I l l , No. 3, Sept. 1971. 7. Bernhard, R. H., "A Critique of the El-Ramly, Peterson and Seo Procedures for Assigning the Risk-Aversion Parameter in Baumol1s Expected Gain Confidence Limit Criterion," NCSU-IE Technical Report No. 76-7, August 1976, North Carolina State University. 8. Bierman, H. J. and W. H. Hausman, "The Resolution of Investment Uncertainty Through Time," Management Science, Vol. 18, No. 12, August, 1972, pp. B-654-662. 9. Brigham, Eugene F. and R. H. Pettway, "Capital Budgeting by Utili­ties," Financial Management, Vol. 2 r Autumn 1973, pp. 11-22. 10. Brumelle, S. L. and B. Schwab, "Capital Budgeting with Uncertain Future Opportunities: A Markovian Approach," J. of Financial and Quantitative Analysis, Jan. 1973. 11. Bussey, L. E. and G. T. Stevens, Jr., "Net Present Value from Com­plex Cash Flow Streams by Simulat ion," AIEE Transactions, Vol.. Il l , No. 1, March 1971, pp. 81-89. 12. Bussey, L. E. and G. T. Stevens, Jr., "A Solution Methodology for Probabilistic Capital Budgeting Problems Using Complex Utility Functions," The Engineering Economist, Vol. 21, No. 2, Winter 1976, pp. 89-109. 
256 
1 3 . Byrne, R . , W. Charmes, W, Cooper and K. Kortanek, "A Chance-
constrained Approach to Capital Budgeting with P o r t f o l i o Type Pay­
back and Liquidi ty Constraints and Horizon Posture Controls ," 
Journal of Financial and Quantitat ive Ana lys i s , Dec. 1967 , pp. 3 3 9 -
3 6 4 . 
1 4 . Byrne, R . , W. Charnes, W. Cooper, and K. Kortanek, "Some New Approa­
ches to Risk ," The Accounting Review, January 1968 , pp. 1 8 - 3 7 . 
1 5 . Canada, J. R. and H. M. Wadsworth, "Methods for Quantifying Risk in 
Economic Analyses of Capital P r o j e c t s , " The Journal of Industr ia l 
Engineering, V o l . 1 9 , No. 1 , Jan. 1968 , pp. 3 2 - 3 7 . 
16 . Cohen, K. J, and E. T. El ton , "Inter-Temporal Por t fo l i o Analysis 
Based on Simulation of Joint Returns," Management Science, Vo l . 14 , 
No, 1 , September 1967 . 
1 7 . Cord, J . , "A Method for Al locat ing Funds to Investment Projects 
When Returns are Subject to Uncertainty," Management Science, 
January 1964 , pp. 3 3 5 - 3 4 1 , 
1 8 . Cozzol ino, John M. and M. J. Zahner, "Present Value Under Uncer­
t a i n t y , " Technical Paper, Univers i ty of Pennsylvania, 1976. 
1 9 . Daver, M. D . , "Solutions for Capital Budgeting Problems," Unpub­
l i shed Ph.D. D i s ser ta t ion , Department of Industr ia l Engineering, 
Stanford Univers i ty , 1965 . 
20 . Dean, J . , Capital Budgeting, New York, N . Y . : Columbia Universi ty 
Press , 1951 , 
2 1 . El-Ramly, Peterson and Seo, "Economic Comparison of Projects Incor­
porating Decision Theory and the Expected Gain-confidence Limit 
C r i t e r i o n , " The Engineering Economist, Vo l . 2 0 , No. 1 , F a l l 1974 . 
2 2 . El ton, E. T. and M. J. Gruber, "Valuation and Asset Solution Under 
Al ternat ive Investment Opportunit ies ," The Journal of Finance, 
V o l . XXXI, No. 2 , May 1976 . 
2 3 . Fa i r l ey , W. and H. D. Jacoby, "Investment Analys is Using the Prob­
a b i l i t y Dis tr ibut ion of the Internal Rate of Return," Management 
Science, Vo l . 2 1 , No. 1 2 , August 1975 . 
2 4 . Farrar, D. E . , The Investment Decision Under Uncertainty, Englewood 
C l i f f s , Prent ice -Hal l , I n c . , 1962 . 
2 5 . Fishburn, P. C , "Decision Under Uncertainty. An Introductory 
Exposi t ion," The Journal of Industr ia l Engineering, Vo l . 1 7 , 
Oct . -Nov. 1965 , pp. 1 7 - 2 7 . 
257 26. Fleischer, G. A., "Two Major Issues Associated with the Rate of Return Method for Capital Allocation: The 'Ranking Error and Preliminary Selection,'" Journal of Industrial Engineering, Vol. 17, No. 4, 1968, pp. 202-208. 27. Fogler, H. R., "Ranking Techniques and Capital Budgeting," The Accounting Review, June 1972, p. 134. 28. Francis, J. C , Investments—-Analysis and Management, McGraw-Hill, 1976, Chapters 12, 16, and 17. 29. Fremgon, J. M., "Capital Budgeting Practices: A Survey," Manage­ment Accounting, May 1973, pp. 19-25. 30. Freund, R. J., "The Introduction of Risk into a Programming Model," Econometrica, July 1956 (p. 253-263). 31. Friedman, M. and L. Savage, "The Utility Analysis of Choices Involving Risk," Journal of Political Economy, August 1948, pp. 279-304. 32. Gordon, M. J., "The Payoff Period and the Rate of Profit," Journal of Business, 1959, pp. 253-260. 33. Greer, J. R., "Capital Budgeting Analysis with the Timing of Events Uncertain," The Accounting Review, January 1970, pp. 103-113. 34. Hadar, J. and W. Russell, "Rules for Ordering Uncertain Prospects," The American Economic Review, March 1969 (59), pp. 25-34. 35. Hanoch, G. and H. Levey, "The Efficiency Analysis of Choices In­volving Risk," July 1969, Review of Economic Studies, Vol. 36, pp. 335-346. 36. Hanssmann, Fred, "Probability of Survival as Investment Criterion," Management Science, Vol. 15, No. 1, Sept. 1968. 37. Harvey, R. K. and A. V. Cabot, "A Decision Theory Approach to Capi­tal Budgeting Under Risk," The Engineering Economist, Vol. 20, 
No. 1, Fall 1974. 38. Heebink, D., "Rate of Return, Reinvestment Rate, and the Evaluation of Capital Expenditures," Journal of Industrial Engineering, Jan.-Feb. 1962, p. 48. 39. Hertz, D. B., "Risk Analysis in Capital Investment," Harvard Business Review, Jan.-Feb. 1964, pp. 95-106. 40. Hertz, D. B., "Investment Policies that Pay Off," Harvard Business Review, Jan.-Feb. 1968, pp. 96-108. 
258 
41. Hespos, R. F. and Paul A. Strassmann, "Stochastic Decision Trees 
for the Analys is of Investment Dec is ions ," Management Science, 
V o l . I I , No. 1 0 , August 1965 , pp. B-244-B258. 
42. Hicks, J. R . , Value and Cap i ta l , New York: Oxford Universi ty 
Press , 1939. 
43. H i l l i e r , F. S. "The Derivation of Probab i l i s t i c Information for 
the Evaluation of Risky Investments," Management Science, V o l . 9 , 
No. 4 , Apr i l 1963 , pp. 4 4 3 - 4 5 7 . 
4 4 . H i l l i e r , F. S . , The Evaluation of Risky Interrelated Investments, 
North-Holland Publishing C o . , Amsterdam, 1969. 
45. H i l l i e r , F. S . , "A Basic Model for Capital Budgeting of Risky In ter ­
re lated P r o j e c t s , " The Engineering Economist, V o l . 1 7 , No. 1 , 
F a l l 1 9 7 1 , pp. 1 - 3 0 . 
46. H i r s c h l i e f e r , J . , "Investment Decision Under Uncertainty: Choice-
Theoretic Approaches," Quarterly Journal of Economics, Vo l . 79 
November 1965 , pp. 509 -536 . 
4 7 . Hymer, S. and P. Pashigian, "Firm Size and Rate of Growth," Journal 
of P o l i t i c a l Economy, Vol . 7 , No. 6 (Rev. 1 9 6 2 ) , pp. 556 -569 . 
4 8 . I g n i z i o , J. P . , "An Approach to the Capital Budgeting Problem with 
Mult ip le Objec t ive s ," The Engineering Economist, V o l . 2 1 , No. 4, 
Summer 1976 , pp. 259 -272 . 
49. I s tvan, D. F . , "The Economic Evaluation of Capital Expenditure," 
The Journal of Business, Jan. 1961 . 
5 0 . Kahak, I . W. and J. Owen, "Random Var iab les , the Time Value of 
Money and Capital Expenditures," Management Science, V o l . 1 7 , 
No. 3 , November 1970 , pp. 1 4 2 - 1 4 5 . 
5 1 . Kaplan and Barish, "Decision-making Allowing for Uncertainty of 
Future Investment Opportunit ies ," Management Science, Vo l . 1 3 , 
No. 1 0 , June 1967. 
5 2 . Klammer, Thomas, "Empirical Evidence of the Adoption of Soph i s t i ­
cated Capital Budgeting Techniques," The Journal of Business, 
July 1972 , pp. 387 -397 . 
5 3 . Robert A. Levy, "Measurement of Performance," Journal of Financial 
and Quantitative Ana lys i s , March 1968 , pp. 3 5 - 5 7 . 
5 4 . Lewellen, W. G . , H. P. Lanser, and J . J. McConnell, "Payback Sub­
s t i t u t e s for Discounted Cash Flow," Financial Management, Summer 
1973 , pp. 1 7 - 2 3 . 
259 
5 5 . Lockett , A. G. and A. E. Gear, "Multi-Stage Capital Budgeting 
Under Uncertainty," Journal of Financial and Quantitat ive 
Ana lys i s , March 1975 , pp. 2 1 - 3 6 . 
5 6 . L o r i e , J. and L. J. Savage, "Three Problems in Rationing Cap i ta l ," 
Journal of Business, Vo l . 2 8 , 1955 , pp. 229 -239 . 
5 7 . Luce, R. D. and H. Ra i f fa , Games and Decis ions: Introduction and 
C r i t i c a l Survey, John Wiley and Sons, New York, 1957 . 
5 8 . Luszt ig , P. and B. Schwab, "A Note on the Applicat ion of Linear 
Programming to Capital Budgeting," Journal of Financial and 
Quantitat ive Analys i s , V o l . 3 , No. 4 , Dec. 1968 , pp. 4 2 6 - 4 3 1 . 
5 9 . Mante l l , Edmund H . , "A Central Limit Theorem for Present Values of 
Discounted Cash Flows," Management Science, V o l . 1 9 , No. 3 , 
November 1972, pp. 3 1 4 - 3 1 8 . 
60. Mao, James C. T . , "Survey of Capital Budgeting: Theory and Prac­
t i c e . " Journal of Finance, May 1970 , pp. 3 4 9 - 3 6 0 . 
6 1 . Mao, J. C , "Models of Capital Budgeting E-V v s . E-S ," Journal 
of Financial and Quantitative Analys i s , 1 9 6 9 , pp. 657-675 . 
62. Markowitz, H. M . , Por t fo l io Se lec t ion , New York: John Wiley & 
Sons, 1959 . 
6 3 . M i l l e r , V. V . , L. P. Andelson, and J. S. S. Josephs, "Abstract: 
A Probabi l i ty Dis tr ibut ion of Discounted Payback for Evaluating 
Investment Decis ions ," Journal of Financial and Quantitative 
Ana lys i s , March 1972 , pp. 1439-1442 . 
64. Myers, Stewart, "Procedures for Capital Budgeting Under Uncertainty," 
Industr ia l Management Review, Spring 1968 , pp. 1 - 2 0 . 
6 5 . Naslund, B. and A. Whinston, "A Model of Multi-Period Investment 
under Uncertainty," Management Science, 8 , Jan. 1962 , pp. 184-200 . 
6 6 . Oakford, R. V. and Thuesen, G. J . , "The Maximum Prospective Value 
Cr i t er ion ," The Engineering Economist, V o l . 1 3 , No. 3 , Spring 1968. 
6 7 . Page, A. N . , U t i l i t y Theory, New York: John Wiley & Sons, I n c . , 
1968. 
' 6 8 . Para-Vasquez and 0 . Oakford, "Simulation as a Technique for Comparing 
Decision Procedures," The Engineering Economist, Vo l . 2 1 , No. 4 , 
Summer 1976 , pp. 2 2 1 - 2 3 6 . 
69. Perc iva l , J. and R. Wes ter f i e ld , "Uncertainty Resolution and M u l t i -
period Investment Dec is ions ," Decision Sciences , V o l . 7 , 1976, 
pp. 3 4 3 - 3 5 7 . 
260 
70 . Perrakis , S. and C. Henin, "The Evaluation of Risky Investments 
with Random Timing of Cash Returns," Management Science, Vo. 2 1 , 
No. 1 , S e p t . , 1974 . 
7 1 . Perrakis , S. and I . Sahin, "On Risky Investments with Random 
Timing of Cash Returns and Fixed Planning Horizon," Management 
Science, Vo l . 2 2 , No. 7 , March 1976 . 
72 . Peterson, D. E. and D. J . Laughhunn, "Capital Expenditure Program­
ming and Some Alternate Approaches to Risk ," Management Science 
V o l . 1 7 , No. 5 , January 1 9 7 1 , pp. 3 2 0 - 3 3 6 . 
7 3 . Petty , J. W . , D. F. Scot t , and M. M. Bird, "The Capital Expenditure 
Decision-Making Process of Large Corporations," The Engineering 
Economist, Vo l . 2 0 , No. 3 , Spring 1975 . 
74 . Prat t , J . W. "Risk Aversion in the Small and in the Large," 
Econometrica, Jan . -Apr i l 1964 , pp. 122 -136 . 
7 5 . Quirin, G . , The Capital Expenditure Decis ion, Homewood, 1 1 1 . : 
Richard D. Irwin, I n c . , 1967 . 
76 . Quirk, J. P. and R. Saposnik, "Admiss ibi l i ty and Measurable U t i l i t y 
Functions," Review of Economic Studies , 1962. 
77 . R a i f f a , Howard, Decision Analysis—Introductory Lectures on Choice 
Under Uncertainty, Addison-Wesley Publishing C o . , I n c . , 1968. 
7 8 . Re i ter , S . , "Choosing an Investment Program Among Interdependent 
P r o j e c t s , " Review of Economic Studies , Jan. 1963 , pp. 3 2 - 3 6 . 
79 . Robicheck, A. and S. Myers, Optimal Financing Dec is ions , Englewood 
C l i f f s , N . J . : Prent ice-Hal l , 1965 , pp. 8 2 - 8 6 . 
8 0 . Robichek, A. and C. Myers Stewart, "Conceptual Problems in the Use 
of Risk-Adjusted Discount Rates ," Journal of Finance, Vo l . 2 1 , 
Dec. 1966 , pp. 7 2 7 - 7 3 0 . 
8 1 . Robichek, A. and S. Myers, "Valuation of the Firm: Ef fects of 
Uncertainty in a Market Context," Journal of Finance, V o l . XXI 
May 1966, pp. 161-179 . 
8 2 . Robichek, A. and J. C. Van Home , "Abandonment Value and Capital 
Budgeting," Journal of Finance, V o l . 2 2 , Dec. 1967 , pp. 577 -589 . 
8 3 . Roy, A. D . , "Safety F irs t and the Holding of A s s e t s , " Econometrica, 
XX, 1952 , pp. 4 3 1 - 4 4 9 . 
8 4 . Salazar, R. C. and S. K. Sen, "A Simulation Model of Capital 
Budgeting under Uncertainty," Management Science, No. 4 , Dec. 1968, 
pp. B-161-179 . 
261 
8 5 . Schwab, B. and P. Luszt ig , "A Note on Investment Evaluation in 
Light of Uncertain Future Opportunit ies ," Journal of Finance, 
V o l . 2 7 , 1972 , pp. 1093-1100 . 
8 6 . Sharpe, Will iam F . , "A Simplif ied Model for Por t fo l i o A n a l y s i s , " 
Management Science, Vo l . 9 , No. 2 , January 1963 , pp. 277 -293 . 
8 7 . Solomon, Ezra, The Theory of Financial Management, New York: 
Columbia Univers i ty Press, 1963 . 
88 . Sp iege l , M. R . , Mathematical Handbook of Formulas and Tables , 
Schaum's Ser i e s , McGraw-Hill Book C o . , pp. 1 0 7 - 1 0 8 . 
8 9 . Sundem, G. L . , "Evaluating Capital Budgeting Models in Simulated 
Environments, Journal of Finance, Vo l . 3 1 , 1976. 
9 0 . Thuesen, G. J . , "Decision Techniques for Capital Budgeting Prob­
lems," Unpublished Ph.D. D i s ser ta t ion , School of Industr ia l 
Engineering, Stanford Univers i ty , 1967 . 
9 1 . Thuesen, G. J . , "Selecting a Discount Rate: Le t ' s Help the User ," 
Proceedings of Annual Conference of Industr ia l Engineers, Spring 
1975 . 
92 . Thuesen, H. G . , W. J. Fabrycky and G. J. Thuesen, Engineering 
Economy, 5th Edit ion , Englewood C l i f f s , New Jersey: Prent ice-
H a l l , I n c . , 1977 . 
9 3 . Tobin, J . , "Liquidity Preference As Behavior Towards Risk," 
Review of Economic Studies 2 5 , 1957-1958 , pp. 6 5 - 6 8 . 
94 . Van Home, James, "Capital-budgeting Decisions Involving Combina­
t ions of Risky Investments," Management Science, Vo l . 1 3 , No. 2 , 
October 1966 . 
9 5 . Van Home, James C. "The Analys is of Uncertainty Resolution in 
Capital Budgeting for New Products," Management Science, Vo l . 1 5 , 
No. 8 , Apr i l 1969. 
96 . Van Home, James C , Financial Management and Po l i cy , Second 
Edit ion, Englewood C l i f f s , New Jersey: Prentice H a l l , I n c . , 1 9 7 1 . 
9 7 . Van Home, James C , "The Variat ion of Project L i f e as a Means for 
Adjusting for Risk," The Engineering Economist, Vo l . 2 1 , No. 3 , 
Spring 1976 . 
98 . Vandel l , R. F. and P. J. Stonich, "Capital Budgeting: Theory or 
R e s u l t s ? , " Financial Executive, August 1973 , pp. 4 6 - 5 2 . 
99 . Von Neuman, J . and 0 . Morgenstern, Theory of Games and Economic 
Behavior, Princeton Univers i ty Press , New Jersey, 1947 . 
262 
100 . Wagle, B . , "A S t a t i s t i c a l Analysis of Risk in Capital Investment 
P r o j e c t s , " Operational Research Quarterly, Vo l . 1 8 , No. 1 , 
March 1967 , pp. 1 3 - 3 3 . 
1 0 1 . Weingartner, H. M . , Mathematical Programming and the Analysis of 
Capital Budgeting Problems, Englewood C l i f f s , New Jersey: Prentice 
H a l l , 1963 , Chapters 8 and 9. 
102 . Weingartner, H. M. , "Capital Budgeting of Interrelated Projects 
Survey and Synthesis ," Management Science, V o l . 1 2 , No. 7 , 
March 1966 , pp. 485 -516 . 
103 . Weingartner, H. M. and D. N. Ness, "Methods for the Solutions of 
Multi-Dimensional 0-1 Knaspack Problems," Operations Research, 
V o l . 1 5 , 1967 , pp. 8 3 - 1 0 3 . 
104 . Weingartner, H. M . , "Some New Views on the Payback Period and 
Capital Budgeting Dec i s ions ," Management Science, 1 5 , 1 2 , August 
1969 , pp. 5 9 4 - 6 0 7 . 
1 0 5 . Young, D. and L. Contreras, "Expected Present Worths of Cash Flows 
Under Uncertain Timing," The Engineering Economist, Vol . 20 , No. 4 , 
Summer 1975 . 
264 
VITA 
Chan Seok Park was born in Mockcheon Chungnam, Korea, on March 17 , 
1946, second son of Bong Seo and Young Hee Park. He was graduated from 
Jemulpo High School, Incheon, Korea, in 1964. In the Spring of 1 9 6 5 , he 
began his engineering education at Hanyang Universi ty and was graduated 
in February 1969 , with the degree of Bachelor of Science in Ceramic 
Engineering. 
After one year with Asahi E l e c t r i c a l Insulators Manufacturing 
Company, Nagoya, Japan, as a production engineer, he joined Marubeni-Iida 
Corporation, Seoul Branch, Korea as a s s i s tant general manager. During his 
employment he gained p r a c t i c a l experience in the area of production and 
qual i ty contro l , f i n a n c i a l control and internat ional import-export trading 
transact ions . 
Leaving Marubeni-Iida Corporation to pursue an advanced degree in 
industr ia l engineering, he entered the United States in September 1971 , 
and enrolled at the School of Industr ia l Engineering at Purdue Univers i ty 
In February 1972 . In May 1973 , he was awarded the Degree of Master of 
Science in Industr ia l Engineering (Engineering Economics Option) . 
He entered the doctoral program of the School of Industr ia l and 
Systems Engineering at the Georgia I n s t i t u t e of Technology in September 
1973 . While at Georgia Tech, he held pos i t ions as Graduate Research 
A s s i s t a n t , and taught courses in Engineering Economy. Requirements for 
the doctoral program were completed in November 1976. He spec ia l ized in 
the area of economic dec i s ion analys is with minors in s tochast ic processes 
and management contro l systems. 
